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The agronomic, environmental and economic implications of a 
combined food and energy system 
Abstract 
Silvoarable systems exploit the beneficial ecological interactions that occur when 
trees and crops are grown together. The combined food and energy system comprises of 
strips of short rotation coppice (SRC - densely planted, fast growing hardwood trees grown 
as a biofuel) planted across arable fields managed under a integrated crop management 
system. Some of the potential benefits and disadvantages of this system were assessed over 
a three-year period (from establishment of the SRC until the first harvest) using field 
experiments and an economic model. 
Agronomically the impact of the system was minimal. The main effects were 
localised decreases in yield and increases in crop moisture content, which occurred in the 
year before the SRC was harvested. The severity and incidence of common arable crop 
pests, weeds and diseases, as managed under integrated crop protection regime, were, in 
general, not affected by the strips of SRC. A localised reduction in the severity of the 
wheat pathogen Septoria tritici was found, whilst localised increases in slug numbers were 
found in the year in which the SRC was established. 
The monitoring techniques used did not identify any major effects of the SRC strips 
on the distribution and diversity of polyphagous predators and earthworms in the system. 
Nitrate leaching was found to be higher under the SRC strips in the first winter after 
establishment than under adjacent food crops. However, in the following two winters 
leaching was lower under the SRC strips than the adjacent food crops. 
The system was not economically feasible as greater profits could be made from 
arable cropping under current commodity prices and support regimes. This was identified 
as the major barrier to adoption of the combined food and energy system. A new approach 
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Chapter 1. 
Introduction to agroforestry systems and the development of the 
combined food and energy system 
1.1 Definition 
The International Centre for Research in Agroforestry (ICRAF) provides the 
following definition of agroforestry: 
"Agroforestry is a collective name for land-use systems and technologies where 
woody perennials (trees, shrubs, palms, bamboos, etc. ), are deliberately used on the same 
land management unit as agricultural crops and/or animals, either in some form of spatial 
arrangement or temporal sequence. In agroforestry systems there are both ecological and 
economic interactions between the different components" (from Gordon, Newman and 
Williams, 1997). 
Other definitions include the "intentional integration of agriculture and forestry 
practices to attain diversified and sustainable production systems, " (Rietveld, 1994). 
Essentially, agroforestry is an approach to land use that incorporates trees into farming 
systems and allows the production of trees and field crops from the same piece of land. 
Agroforestry is an ancient practice and most traditional farming systems around the world 
have evolved to include components of agroforestry, some having been practised for 6000 
years (Nair, 1993). 
The practice of agroforestry was first described in the late 1970s, stimulating 
considerable research attention. The past three decades of research have shown that: 
". Agroforestry can be more productive than forestry or agricultural monocultures. 
". Agroforestry can be more profitable than forestry or, agricultural monocultures 
(in some regions). 
" Agroforestry can be more sustainable than forestry, or agricultural monocultures. 
", When components (i. e. crops, trees and/or, animals) are brought together in an 
agroforestry system, their performance cannot be predicted from their behaviour 
in isolation (ICRAF from Gordon, Newman and Williams, 1997). ', 
: '.: 1 
Central to the agroforestry concept is that, within agroforestry systems, beneficial 
ecological interactions occur. These benefits include improvement in yield (output per unit 
area), resource use efficiency (output per unit of fertiliser, water etc. ) and enhanced 
environmental benefit such as increased soil stabilization and benefits to wildlife (Jarvis, 
1991). 
1.2 Types of agroforestry system 
There are two basic categories of agroforestry systems: simultaneous and 
sequential. In a simultaneous system, trees and crops or animals grow together, at the same 
time on the same piece of land. In sequential systems, crops and trees take turns in 
occupying most of the same space. These systems generally start with crops and end with 
trees. Table 1 gives common examples of both types of agroforestry system. 
Table 1. ' Common examples of simultaneous and sequential agroforestry systems. 
Agroforestry System Example 
Simultaneous Boundary plantings 
Contour hedges 
Windbreaks and shelterbelts 
Living hedges and fences 
Silvoarable systems (hedgerow cropping and alley cropping) 





Adapted from Newman and Gordon (1997) 
In many simultaneous systems the trees or shrubs are in linear arrangements. 
Boundary plantings of trees are used to delineate plots or farms and are widespread in 
China. The trees often provide wood, fodder or other products. Hedges and woody strips, 
common in many parts of Europe, were planted around parcels of land. to designate 
ownership and contain livestock. Contour hedges are specifically planted to prevent soil 
erosion and' form biological - terraces, these are 
found in both temperate and tropical 
agriculture. Windbreaks or shelterbelts are defined as linear plantings of trees or shrubs 
established for environmental purposes (USDA/NRCS, 1994). They are used to protect 
crops, animals and soil and also to conserve soil moisture. Windbreaks are important 
components of agricultural systems in North America, Australia and New Zealand (Finch, 
s2 
1988). Silvoarable systems are those in which trees are planted in rows with an arable crop 
in the alleys between rows. Competition between trees and the adjacent crop for moisture 
and nutrients has limited the adoption of this practice in temperate agricultural systems. 
However silvoarable systems are highly successful in the tropics. Nair (1993) attributes this 
to their productivity and sustainability functions. The development and benefits of tropical 
agroforestry systems, including silvoarable systems have been comprehensively reviewed 
in the literature (e. g. Steppler and Nair, 1987; Young, 1989). Parkland and silvopastoral 
systems incorporate a discontinuous tree storey, over a continuous grass cover. Animals, 
the chief beneficiaries of these combinations, can graze in pastureland under trees or they 
can feed from the trees or tree products. 
Sequential agroforestry systems are commonly adopted in the humid tropics where 
areas of forest are brought into food production and then left to regenerate (Nair, 1993). 
13 History of agroforestry systems 
Precise historical details of the development of agroforestry systems are unclear. It 
is suggested that simultaneous agroforestry systems were first developed in China, where 
trees were planted in grazed fields and at the edge of agricultural plots to demarcate 
boundaries and provide microclimate modification (Newman and Gordon, 1997). 
Agroforestry systems, including the silvoarable, paulowinia (Paulowinia spp. ) 
intercropping are still widespread in China (Wu and Zhu, 1997). Sequential agroforestry 
systems have been widely implemented ., 
in tropical, regions _ 
for thousands 
. of years. 
Agroforestry practices were often developed in response to land shortages brought about by 
the rapid population growth of indigenous peoples that demanded efficient production 
systems to be developed for both food and wood resources. Although agroforestry systems 
tend to be associated with tropical regions there is a considerable history of agroforestry'in 
temperate zones. European intercropping systems that use olives (Olea spp. ) and grapes 
(Vitis spp. ) are thought to date back to Roman times (Lelle and Gold, 1994)., Agroforests 
also developed where land was cleared. for cultivation but valuable trees, including' oak 
(Quercus spp. ) for acorns, ash (Fraxinus spp. ) for fodder and beech (Fagus spp. ) for masts 
were left scattered across fields The Dehasa system of the Iberian' Peninsula is an ancient 
agroforest consisting of widely ° spaced ., oak. oak. trees 
'(grown-, for acorns for , _animal 
consumption) with cereal and fodder intercrops (Joffre et al. 1988). Hedges, - forming a very 
basic agroforestry system, were also - plaited along field borders, - trails, , 
roads and rivers 
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throughout Europe. In temperate zones there was a common practice of clear-felling 
derelict forests for the cultivation of food crops for varying periods, followed by the 
planting or sowing of tree species either before or after the last sowing of the agricultural 
crops. Silvoarable systems consisting of regular alleys of arable crops with trees were 
common in some parts of Europe. In Poland in the early 1900s there was a common 
practice of cultivating agricultural crops in between rows of poplar (Poplar spp. ). In UK 
the only significant example of commercial agroforestry was found on the Bryant and May 
estate between the 1950s and 1970s where poplar (Poplar deltoides) was grown in strips 
across arable areas (Beaton, 1987). The system collapsed in the 1970s, when high prices 
for cereals and low prices for imported timber made the system uneconomic (Dupraz and 
Newman, 1997). 
Windbreaks were and still are planted across open land in North America, New 
Zealand and Australia (Gordon and Newman, 1997) to protect soils and crops. These 
countries also have extensive silvopastoral systems on rangelands. This form of 
agroforestry was actively encouraged in the Great Plains of the United States by the Prairie 
States Forestry Project (Williams et al. 1997). 
Despite their long history, temperate zone agroforestry systems have been seriously 
reduced if not eliminated from the agricultural scene (Dupraz and Newman, 1997). The 
primary reasons for this are intensive management of agricultural land to achieve high 
profitability and productivity together with increased mechanisation, which necessitates 
large field sizes. Forestry has, as a consequence, been confined to land unsuitable for 
agricultural production such as upland areas or areas inaccessible by agricultural machines. 
However in the late 1980s and 1990s economic, environmental and social pressures on 
temperate agricultural systems have led to the search for farming systems that offer greater 
resource protection and increased sustainability (Marsh, 1995). In Europe there is the 
problem of overproduction of most agricultural commodities that has necessitated 
government intervention to restrict production. The current problems, pressures and 
demands of agriculture in Europe may create opportunities for the reintroduction or 
creation of novel types of agroforestry system. Rietveld (1994) campaigns for an increase 
in the use of agroforestry systems by stating that "agroforestry systems may provide a 
diverse, resilient and sustainable farm structure and a viable alternative to more onerous 
and costly regulatory approaches to address societal environmental concerns such as soil 
erosion, water quality and biodiversity. ", - - 
;4 
1.4 Functions of and interactions within agroforestry systems 
Simultaneous agroforestry systems have a number of functions, ranging from the 
need to produce timber or tree products from a limited land resource to exploiting the 
beneficial interactions that occur when growing trees and agricultural crops together. There 
is also a recently recognised conservation and resource protection function of agroforestry 
systems. Table 2 lists the main functions of agroforestry systems. 
Table 2. The possible functions of simultaneous agroforestry systems. 
Category Function 
Agronomic Increase crop yields 
Production of timber/tree products/fuel 
Protection of soils, crops and livestock 
Amelioration of microclimates 
Efficiency of wind-dependent farm operations 
Conservation of soil moisture 
Improvement of soil physical and chemical status 
Economic Diversification of farm enterprise 
Improve capital values 
Environmental Conservation of wildlife 
Enhancement landscape values 
Protection of soil and water resources 
Other Demarkation of boundaries 
Livestock containment 
The shelter provided, by the trees to the adjacent crop area is one of the main 
ecological interactions and the underlying mechanism, behind many of the benefits 
observed in agroforestry systems. Shelter by trees has been shown to reduce wind damage 
(from wind itself and wind blown soil and sand particles) to crops, improve microclimates 
and reduce evapotranspiration. These effects create an -improved environment ; 
for, crop 
growth and development hence the reported increased yields of sheltered grain, forage, 
horticultural and orchard crops (Baldwin, 1988; " Kort, 1988; Norton, 1988). Shelter is also 
important for livestock and agroforestry, . systems 
have = been demonstrated to ,, 
improve 
animal health, increase feed efficiency and survivability during periods of cold , stress 
(Hintz, 1983; Williams et aL, 1997). Figure 1 shows the microclimatological effects that 
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Figure 1. Generalized changes in environmental factors with distance from a windbreak. 
The vertical axis located at the windbreak gives the value of the environmental factor as a 
percentage of the values in the open field with no windbreaks. The H units on the 
horizontal axis are multiples of the height of the windbreak (from Brandle and Hintz, 
1987). 
Agroforestry systems are important in reducing wind erosion of soil. Wind erosion 
occurs under when the wind velocity is sufficient to initiate soil movement. The shelter 
provided by agroforestry systems is often sufficient to reduce the wind velocity to a speed 
that is insufficient to move soil particles. Wind erosion was a major problem in North 
America in the 1930s and the planting of windbreaks was one of the strategies used to 
combat the problem. Alley cropping with trees in China is used to prevent wind erosion of 
soil and allow sand fixation to occur (Wu and Zhu, 1997). 
Silvoarable systems have recently been found to have beneficial below ground 
interactions including increased soil microbial activity and nitrogen availability in the 
arable crop adjacent to trees in these intercropping systems (Thevathasan and Gordon, 
1 1995). ' 
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Currently there is research interest in `conservation type agroforestry'. The main 
example of this is the riparian tree buffer that consists of linear plantings of trees between 
agricultural areas and water bodies. The buffers strips are expected to filter and retain 
sediments washed from agricultural areas and process pollutants such as pesticides and 
fertilisers before they enter watercourses. Experimental systems have indicated that 
concentrations of atrazine and nitrate-N in stream waters bordered by multi-species riparian 
buffer strips dramatically decreased over a five-year period (Schultz, Isenhart and Colletti, 
1994). 
The wildlife value of novel and established agroforestry practices is also being 
recognised. Shelterbelts provide benefits to wildlife in several ways, including protection 
from wind and adverse weather, escape or refuge cover, food and foraging sites, 
reproductive habitat and travel (Johnson and Beck, 1988). - Allen (1994) suggests that 
agroforestry, in appropriate situations would provide benefit for wildlife but it must be 
accepted that certain types of wildlife are adapted to open areas and avoid woody 
vegetation. At present there is little quantitative information on the effects of agroforestry 
systems on wildlife. 
Altieri (1990) suggests that novel sustainable farming systems could incorporate 
multiple-use hedgerows (including shelterbelts and silvoarable intercropping systems) that 
would not only improve biological control in arable fields but also achieve economic and 
social benefits. 
1.5 Silvoarable systems in UK farming 
The adoption of silvoärable systems 'as a land use option will strongly be affected by 
government policies. In the UK the pattern and intensity of agricultural land use has been 
strongly affected by government support and subsidies. It is thus appropriate to consider 
previous and current government policies to gäuge 'whether silvoarable systems could 
integrate with current policy objectives. 
Traditionally trees. played an important part in the economy of most UK farms 
(Toosey, 1985). Hedgerows delineated fields and provided timber, fodder and shelter, 
whilst in-field trees (parkland systems) were important for livestock. However in the past 
thirty years the demand for high output, highly efficient and highly mechanised crop and 
livestock systems has resulted in the removal of trees and woody plants around farms. ' The 
Countryside Commission reports that in ' England and Wales the length of hedgerows in 
:; 7 
1984 was only 22% of that in 1947. Similarly there has been a significant loss of in-field 
trees (Nature Conservancy Council, 1984). 
The main agricultural policy in the UK is, since entry into the European Economic 
Community (EEC) in 1970s, the Common Agricultural Policy (CAP). The objectives of 
CAP are shown in Table 3. The mechanisms by which the objectives have been met 
through the provision of financial support for farmers, in the form of intervention, headage 
and area payments. It is argued that the support mechanisms have created an unexpected 
and rapid increase in production to a situation of overproduction of many agricultural 
commodities (Feame, 1991). The high support prices are also argued to have encouraged 
agricultural production on land which otherwise would have been left uncultivated. The 
Nature Conservancy Council (1984) commented that `recent economic forces and 
government policy for agriculture have led to practices highly inimical to the conservation 
of nature. ' A wide range of problems have been identified, including the destruction of 
representative ecosystems and species, nitrate and other chemical pollution of water 
supplies, eutrophication of watercourses and soil erosion. 
Table 3. The main objectives of the Common Agricultural Policy (from Brassley, 1995). 
Objectives of the Common Agricultural Policy 
To increase agricultural productivity by promoting 
technical progress and ensuring the rational development 
of agricultural production and the optimum utilisation of 
the factors of production, in particular labour; 
To ensure a fair standard of living for the agricultural 
community, in particular by increasing the individual 
earnings of persons engaged in agriculture; 
To stabilise markets; 
To ensure the availability of supplies; 
" To ensure that supplies reach customers at reasonable 
prices. 
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The original CAP has been readdressed in light of these problems. The MacSharry 
reforms in 1992 introduced the set-aside scheme, whereby farmers were compensated for 
taking a percentage of their land out of agricultural production. These reforms also 
promoted the afforestation of agricultural land by creating woodland schemes that 
compensated farmers for putting agricultural land into forestry. Agenda 2000 is the most 
recent set of reforms for the CAP. The reforms include greater support for schemes that 
reduce agricultural impact on the environment such as the agri-environment and woodland 
schemes and incentives for farmers to diversify into activities other than food production 
(MAFF 1999a). A novel energy crops scheme is also being considered, which will give 
financial incentives for growing crops such as short rotation coppice (SRC) and 
Miscanthus (MAFF, 2000). 
It can thus be understood that policies have, in the past, resulted in agroforestry 
being a land-use option that has received little attention from farmers. However the most 
recent agricultural policies are looking to support land-use systems that reduce food 
production and minimise the negative affects of agriculture whilst still meeting the original 
CAP objectives. Agroforestry systems with their beneficial, ecological interactions, 
conservation role and production of alternative commodities may therefore be favoured 
under the current agri-political environment. 
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1.6 The development of novel silvoarable agroforestry systems 
When developing a novel agroforestry system it is essential that agronomic, 
environmental and economic factors are considered at the design stage ; (Newman and 
Gordon, 1997). 
A novel silvoarable system should be equally as profitable as, or more profitable 
than the monoculture. In the short term profitability, can be, achieved through: (i) the sales 
of the timber, biomass or tree - products, _(ii) 
increases in arable, crop, profits; (through 
beneficial interactions) and (iii) subsidy to reward the conservation function of the system. 
The economic benefit in the long term, including externalities such as. savings. in, water 
purification are more difficult to assess.,,,,,, 
Logistical considerations are of key importance, in the development, of silvoarable 
systems. Spacing of trees in the arable crops should not excessively, hinder farm operations 
,. = such as spraying and,., harvesting. - The ; system. -. should ;: also be :, easily_, -managed by 
conventional farm machinery and should integrate with patterns of available, labour.: ý. , s 
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Agronomically the system should not enhance problems such as pests, weeds and 
diseases and ideally should aim to reduce these elements. Similarly competition between 
the crops and trees should be as low as possible. This may be achieved through selection of 
tree species that have short periods of leaf area-duration (Newman and Gordon, 1997) or 
by spatial arrangement of the trees to minimise tree-crop competition. 
To achieve conservation objectives in silvoarable systems consideration must be 
given to the layout of the system and the type of tree grown. Shultz et al. (1994) reports 
that riparian buffer strip type agroforestry systems need fast growing and water loving 
species for rapid stabilisation of stream banks. Species such as tree or shrub willow (Salix 
spp. ) and poplar (Poplar spp. ) tend to be used, and the layout of the system ensures that 
surface run-off and through flow, from the arable crops, passes through the buffer zone 
before entering the watercourse. In this case it is also important that the tree component is 
able to tolerate and bio-remediate agrochemicals. 
Novel systems should also try to achieve ecological benefits. This may influence 
the type of tree species planted and the layout of the system. For example, the planting 
arrangement could link natural habitats, such as patches of woodland, thus creating a 
wildlife corridor. 
1.7 Tree options for agroforestry systems in the UK 
In the UK silvoarable systems that incorporate fruit or nut trees may not be 
economically or logistically viable. Conventional fruit production is usually highly 
intensive, requiring specialised machinery and skills, which often necessitates a plantation 
approach as opposed to a silvoarable arrangement. Trees grown for timber or biomass are 
more appropriate for silvoarable systems as they do not require intensive and specialised 
management. The benefits and disadvantages of incorporating timber trees (referred to as 
roundwoods) and densely planted biomass trees (referred to as short rotation coppice) are 
considered. 
1.7.1 Roundwoods 
Softwood and hardwood timber trees such as Sitka spruce (Picea sitchensis) and 
mixed deciduous plantations would offer simple management and possible environmental 
benefit. The main problem with roundwood production is that the supply (especially 
coniferous roundwood) is currently greater than demand (Table 4) and consequently the 
crop is low in value. High-quality timber trees, such as sycamore, ash, wild cherry and 
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timber compared to arable cropping. In all roundwood timber plantations there is a 
considerable period between planting and receiving revenue for the crop, which may be 
detrimental to cash flow on arable farms. 
a 
Table 4. The supply and demand of coniferous roundwood in the UK from 1995-1998 
(from Purdy, 2000). 
Year `000 m Coniferous round wood 
Supply Demand Balance 
1995 6,089 6,707 -618 
1996 6,153 6,323 -170 
1997 6,709 6,653 +56 
1998 6,719 6,511 +208 
Grants for establishment of roundwood trees are available under the woodland grant 
scheme (WGS) and farm woodland premium scheme (FWPS) and, if planted after 1995, 
qualify for the annual set-aside payment (MAFF, 1999b). However the payments often only 
cover planting costs and thus no revenue will be generated from the trees until their harvest 
which may be 18 years in the case of poplar (Poplar deltoides) or up to 60 years in the case 
of high value hardwoods (Dupraz and Newman, 1997). 
In wildlife terms the trees would provide additional niches within the arable 
agroecosystem and thus increase the diversity and abundance of plants and animals. 
Resources may also be protected through the interception of nitrates and agrochemicals by 
tree roots. In terms of management, the trees would be pruned and harvested in the winter 
thus not coinciding with peak labour demands for arable crops. 
Despite the many benefits of integrating widely spaced rows of high quality timber 
trees of fast growing trees (such as poplar) with arable crops, the long periods between 
planting and harvest and the current low price of timber may make such systems 
uneconomic and thus restrict their adoption. 
1.7.2 Short Rotation Coppice (SRC) 
Short rotation coppice is a forestry system consisting of the dense planting of fast 
growing hardwood trees such as willow or poplar at high densities (15,000 - 20,000 per 
ha). The management and harvesting cycle is shown in Figure 2. The woody biomass that is 
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Figure 2. The coppicing cycle of SRC 
In recent years there has been an increasing demand for forestry residues (Webb, 
2000) to produce wood-based panels such as chipboard and medium density fibreboard 
(MDF). Short rotation coppice on arable land could meet some of these demands, but the 
price paid for wood chips is usually low. The demand for woody biomass as a fuel tör 
energy production has increased rapidly. Several large power plants that utilise wood chip 
are being constructed as well as increasing numbers of small farm-based heat and electricity 
generation plants (Warren, 1998). The benefits of SRC as a fuel for electricity generation 
are: (i) It is renewable and considered sustainable; (ii) it is CO2 neutral; (iii) when 
combusted the emissions are low in sulphur dioxide and nitrous oxide; (iv) the crop has a 
higher energy return ratio (ERR) than other energy crops (Table 5) and (v) strong public 
support for the use of renewable energy sources (Larsson, 1996). The major disadvantage 
of SRC as a fuel is that it has a low energy density (at 20% efficient conversion, I tonne of 
biomass equals one mega watt hour (MWh) and hence long distance transportation of the 
fuel would lead to poor energy return ratios and high expenditure (Warren, 1998). 
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Table 5. Energy Return ratio of energy crops (from Murphy and Helal, 1996) 
Energy Crop ERR 
SRC 1: 10 -1: 90 
Miscanthus 1: 10 - 1: 90 
Arable crops 1: 7 - 1: 10 
Bio-diesel (oilseed rape) 1: 2- 1: 4 
SRC generally grows well on any mineral soil with a pH above 5.5, with good 
moisture retention and adequate summer rainfall. Areas that are marginal for arable 
farming such as wet areas often produce acceptable yields. Soils that are shallow or show 
poor moisture retention or areas with low summer rainfall are not suitable for SRC as the 
establishment may be difficult and yields low (Parfitt, 1990). 
The crop is established, managed and harvested with conventional or slightly 
adapted farm machinery. The crop is harvested in the winter and therefore integrates well 
into the workload of an arable farm. 
SRC, because of the regular coppicing, has upright growth habit, which would 
restrict canopy formation over adjacent arable crop and thus minimise competition by 
shading. SRC has also been reported to be a highly efficient bio-filter (Perttu, 1994), 
which, in a silvoarable system, may act as a buffer zone and open up possibilities for 
processing wastewater and farm waste such as slurry. Recent studies have demonstrated 
that SRC willows (Salix spp. ) have the ability to take up large quantities of nitrogen 
(Edwards, 2000). Willow and poplar species are both recommended for riparian buffer 
strips because of their rapid growth and bio-filtering abilities (Shultz et al. 1994). The 
establishment of SRC usually necessitates the application of herbicides and fertilisers but 
in general the crop is, compared to arable cropping, `low-input'. These low input strips 
could then buffer surrounding areas from pesticide drift from the arable area to vulnerable 
habitats and resources. The reduction of pesticide emissions to surrounding areas is 
regarded as a key objective of national governments in Europe (de Snoo and Chaney, 
1999). 
Studies to assess the wildlife value of SRC plantations have shown that it provides 
a good habitat for a range of organisms including birds, small mammals and numerous 
invertebrates (G6ransson, 1994; Makeshin, 1994; Sage and Robertson, 1994). Salix spp., 
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often used in SRC plantations are reported to harbour diverse insect populations (Kennedy 
and Southwood, 1984). 
In economic terms SRC has a number of benefits over other tree systems. The main 
benefit is that there is, compared to other systems, a comparatively rapid and regular 
economic return. SRC can currently count towards the farmer's set-aside requirement and 
qualify for set-aside payment (MAFF, 1999b). Additionally the Woodland Grant Scheme 
gives establishment grants for SRC of £400 per hectare on set-aside or £600 per hectare on 
non set-aside land. In areas near to power plants there is an additional subsidy, referred to 
as a "locational supplement", of £1000 per hectare that is paid once the crop has 
established (usually 2 years after planting) (Hilton, 2000). The Energy Crops Scheme that 
MAFF plans to launch in 2001 may offer new incentives for growing SRC and the 
establishment of user groups (MAFF, 2000). The current details of the scheme indicate that 
21,700 ha of miscanthus (Miscanthus spp. ) and short rotation coppice should be 
established and utilised by the year 2006/07. This area should produce 279,000 tonnes of 
biomass, which could be converted into 4.3m GJ of energy, thus reducing CO2 emissions 
between 40,000 and 150,000 tons (MAFF, 2000). 
The increasing demand for SRC and the biological and economic attributes of the 
trees indicate that the inclusion of SRC in a silvoarable system may have agronomic, 
environmental and economic benefits. 
1.8 The combined food and energy system 
SRC has, as previously discussed, many factors favouring its involvement in a 
silvoarable system yet, to date, such a system has not been researched. It was therefore 
proposed that a land-use system integrating both SRC and arable crops should be designed 
and investigated. 
The goals of the system were to: 
9 Produce a useful commodity (wood chips for energy production or fibre board 
production). 
" Exploit beneficial interactions that occur between the SRC and the arable crops, 
such as improved microclimate and agroecological interactions. 
" Create a farming system that would minimise agricultural impact, increase 
sustainability and reduce the overproduction of food without a detrimental effect on 
farm economies. 
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Because the main purpose for which SRC is grown is as a fuel for energy production, it 
was decided that the system should be entitled "the combined food and energy system". 
The aim was to design an appropriate prototype system and then assess the experimental 
system, in the light of the aforementioned objectives, over a three-year period. 
1.9 Designing the layout of the combined food and energy system 
Fundamental to the combined food and energy system is the production of significant 
quantities of woody biomass from SRC. A number of factors influence the production of 
SRC. These include: 
" Spacing 
This must allow the crop to give high yields yet be easily harvested. Current research 
indicates that optimal spacing is a double row at 75cm between the paired rows and 
1.25m between the double-row (Kofman and Spinelli, 1997). 
" Harvest interval 
Biomass should be harvested when there is a biomass yield of between 30 and 50 
odt/ha. At this stage the machinery can cut the crop effectively and profitably, thus the 
harvest interval is usually 3 to 4 years. 
" Row length 
Current advice is to avoid short row lengths as they impose an intolerable increase in 
turning time and a comparative reduction of productive time. Minimum row length 
should be between 100 and 150m (Kofman and Spinelli, 1997). Adequate headlands 
giving sufficient turning space should also be provided. 
" Weeds 
Effective weed control is essential in establishing SRC; previous work has shown the 
severe effect of uncontrolled weeds on growth in the first year (Clay and Dixon, 1997). 
Current recommendations are to apply herbicides both before and after planting. 
0 Fertiliser 
Fertiliser may need to be applied in certain situations; current recommendations suggest 
that applications of 25-75 kg nitrogen per ha may be required per rotation (Danfors, 
Ledin and Rosenquist, 1998). 
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" Minimum area of SRC 
The total area dedicated to SRC on a farm is an important consideration for two 
reasons: (i) Contractors with harvest machines need a minimum area to make 
transportation of equipment worthwhile. A minimum area of between 20-30 hectares is 
expected and (ii) Buyers of the harvested material would expect a minimum supply, 
and in the case of large energy plants, a large area would need to be grown locally to 
avoid the energy costs and expenditure of long-distance transportation (Danfors, Ledin 
and Rosenquist, 1998) 
" Clonal mixtures 
Studies of SRC plantations have shown that planting a mixture of varieties can reduce 
epidemics of the main pathogen Melampsora spp., which can severely reduce yields 
(McCracken and Dawson, 1997). 
These factors have an important impact on the arrangement of the SRC in the 
silvoarable system. A single row of SRC would create serious management and harvesting 
difficulties and was therefore not an option. It was decided that the minimum width of the 
SRC strip should be that of the sprayer or weed control implement. In the UK this is 
typically 12-24m. The number of rows of coppice planted in the strip should be based on 
achieving the optimal planting density for this width. A second factor affecting the planting 
arrangement was speculation that if the food crop directly abutted the outer rows of SRC, 
harvesting and management of the food crops would be hindered. The provision of a 1.25m 
dividing strip between the crop edge and the first row of SRC (on each side), incorporated 
into the planting arrangement was anticipated to overcome this problem. On the basis of 
these factors the experimental arrangement consisted of a 12m strip, planted with rows of 
different SRC willow clones, at optimal planting density (Figure 3). 
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Bowles hybrid Germany Tora Stott 10 Bowles hybrid 
12 m 
Figure 3. Proposed planting arrangement of willow varieties in the strips of SRC. Bowles 
hybrid: Salix viminalis; Germany: S. burjatica; Tora: S. viminalis x scherwinii; Stott 10: S. 
viminalis x burjatica. 
The optimal espacement of the SRC strips across arable crop areas was to be 
investigated in the experimental system through the assessment of the impact of strips SRC 
on a range of parameters. It was hypothesized that the results could be used to recommend 
a suitable layout. 
1.10 Aims and objectives of the study 
The aim of the study was to assess the agronomic, environmental and economic 
impact of silvoarable system comprising of 12m wide strips of SRC grown across arable 
fields ('the combined food and energy system'). It was intended that the assessment would 
provide information on how to optimise the system as well as identify barriers to adoption 
17 
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Research strategy and experimental design 
2.1 Research framework 
Having decided the basic elements of the system (12-24m strips of SRC grown 
across arable crops) it was necessary to devise a research framework that was achievable 
and would provide information on the likely impact of the system and answer questions on 
how to further develop the structure of the system, e. g., how many strips should be planted 
across an arable area? 
The research was split into three, interrelated research areas: the agronomic impact, 
the environmental impact and the economic impact (Figure 1). There were many 
components that were not assessed such as the impact on landscape and the long-term 
impact on soils and water tables. However these highly specialist research areas have been 
or are being investigated on SRC plantations in other studies and, thus, the impact the 
proposed system could be estimated from these data (Bell, 1994; Murphy and Helal, 1996). 
Assessment of the 
combined food and 
energy system 
ni 







Soil moisture content 
System profitability 
Subsidies required 
Figure 1. The research framework, arrows indicate how the impact assessments interrelate. 
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The agronomic assessment was split into two areas of study: (i) the effect of SRC 
strips on arable crop yields and quality and (ii) the effect of SRC strips on arable crop 
pests, weeds and pathogens. 
The aim of the yield and quality assessment was to determine if and to what extent 
the SRC strips affected the adjacent crop. Furthermore the assessment aimed to investigate 
components of yield, such as thousand-grain weight and number of fertile tillers, to try to 
identify underlying mechanisms. Yield is a commonly measured component in agroforestry 
systems and farming systems experiments because it is the principle output of agricultural 
systems. Yield changes, measured at the square metre scale are reported to reflect the 
competition and facilitation between trees and intercrops (Vandermeer, 1989). This 
information was also intended for use in the economic analysis and to further develop and 
optimise the system. 
Identifying the impact of the SRC strips on crop pest numbers, crop disease severity 
and weed populations was the second part of the agronomic assessment. The impact was to 
be assessed using spatial monitoring of these elements both within the strips and in the 
adjacent crop. Effects of agroforestry systems on pests, weeds and diseases have not been 
studied in significant detail. However, a recent agroforestry study reported increases in 
densities of pests such as slugs in a silvoarable system (Griffiths et al. 1998). Moreover, 
studies investigating the effects of semi-natural habitats such as field margins and 
hedgerows report a range of spatial responses by weeds and pests (Marshall and Smith, 
1987) 
The environmental impact of the system was expected to be very wide ranging and it was 
necessary to limit the number of parameters measured. Therefore The environmental 
impact was restricted into three research areas: the effect SRC strips on: (i) the distribution 
of beneficial arthropods, (ii) earthworm populations and (iii) nitrate leaching. 
The main focus of the environmental research was to investigate the effect of the 
SRC strips on beneficial arthropods. The enhancement of populations of arthropods, which 
are known to be predators or parasites of crop pests, in the agroecosystem has been the 
objective of a number of research programmes. The natural regulation of pest populations, 
through enhancement of antagonist species, is seen as a method of reducing agricultural 
impact and enhancing sustainability (Pretty and Howes, 1993). Methods that have shown 
some success include reduced pesticide usage (Green et al. 1994) and conservation 
headlands (Sotherton, 1990). More recently methods to increase and enhance semi-natural 
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habitats have been shown to affect populations of beneficial arthropods in the adjacent crop 
(Thomas and Marshall, 1999). The strips of SRC contrast with arable crop environment in 
that they are not annually cultivated and harvested and they do not receive any insecticides 
and fungicides. Therefore it was speculated that SRC strips might form an ecological 
refuge in much the same way as hedgerows, which provide refugia for a diverse arthropod 
fauna (Pollard et al. 1974, Thiele, 1977) and are overwintering sites for predatory 
arthropods (Sotherton, 1985). Spatial and temporal monitoring of beneficial arthropods 
using established methods was chosen to investigate this ecological aspect of the system. 
The second environmental parameter measured was the impact of the SRC strips on 
earthworms. Earthworms are widely reported as useful bioindicators of agricultural 
ecosystem health as well as performing a vital function in soil structure development and 
maintenance (Brown, 1999). Consequently, earthworm populations have been monitored in 
a range of farming systems experiments (El Titi, 1990 and Green et al. 1994). The likely 
impact of the proposed farming system on these organisms was unknown and therefore 
thought to be worthy of investigation. 
Agroforestry systems designed to minimise agricultural impact through the uptake 
of leached nutrients and agrochemicals have received recent attention by researchers. The 
most notable system is the riparian buffer zone (Shultz et al. 1994). At the time of the 
research framework being drawn up there was scant quantitative evidence on nitrate 
leaching under SRC and therefore it was a chosen research objective of the project to 
monitor nitrate leaching under the SRC and adjacent arable crops, using robust and 
established methodologies to determine the likelihood of the SRC strips acting as buffer 
zones. 
Assessing the economic consequences of the system under a range of scenarios was 
important to assess the likelihood of farmers adopting the system and, if subsides were 
necessary, at what amount these should be set to ensure that profit forgone was 
compensated. The modelling approach was necessary to examine the economic 
implications of the farming system under a range of scenarios. The methodologies 
proposed to examine the system(s) included a combination of the gross margin approach 
and discounted cash flow techniques such as the net present value (NPV). 
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2.2 Design Considerations 
To meet the experimental objectives set out in the research framework a multi- 
purpose field experiment was designed. The design of the experiment had to take into 
consideration a number of factors that have influenced the design of both farming systems 
and agroecological experiments. 
In both farming systems and agroecological experiments consideration is given to 
scale related factors. Thomas and Marshall (1999) concluded that whole field or at least 
whole field edges are probably the most appropriate scales at which to conduct experiments 
on the effect of field margins on carabid activity-density. For investigations of Carabidae, 
Timmerman (1991) suggests that a plot size of iha is necessary as individuals move 30 - 
100m. As monitoring beneficial arthropods was a major objective of the research it was 
decided that the experiment was to be carried out at the field scale. 
The field scale was also important because of other interactions and elements that 
operate above the plot scale. Atkinson and McKinlay (1995) surmise that attempts to 
develop a blueprint of a system from the sum of information derived from a series of 
targeted studies, i. e. single years and classical plot size experiments, is likely to be 
unsuccessful. This suggestion is based on the observation that within agricultural systems 
(and agroforestry systems) there are many interactions that affect the output of the system. 
Therefore the field scale was necessary to determine whether the system could function at a 
scale similar to normal agricultural practice. 
Another reason for selecting the field scale was because there were a number of 
parameters measured in the experiment. It was important that the different sampling 
regimes did not interfere with one another. The field scale was thought to allow different 
areas of the experiment to be dedicated to different types of measurement. 
Although experimentation at the field scale overcomes many of the limitations of 
plot experiments it was recognised that there were several major limitations to the 
approach. The main problem with the approach is the difficulty and expense of achieving 
true replication. Pseudoreplication, the inappropriate use of inferential statistics where 
either treatments are not replicated (although samples may be) or experimental units are not 
statistically independent (Hulbert, 1984) is a common problem in many manipulative 
ecological experiments. It arises when statistical tests, such as ANOVA are used to assess 
effects from treatments applied to non-identical experimental units (such as two fields) or 
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where the experimental plots treatments have not been randomised or suitably interspersed 
with one another. 
Researching at the field scale also embraces large amounts of within field (spatial) 
and seasonal (temporal) variance, which make monitoring, sampling and interpretation of 
data difficult. Also systems experiments often comprise of complex treatments that are 
modified over the duration of the experiment (MacDonald and Smith, 1990). This can add 
even greater variability to results and further mask underlying effects. 
Site specificity is also a problem with large, field scale experiments, that are not 
replicated geographically. This can make it difficult to extrapolate the results with 
confidence to other sites. However the expense of geographically replicating any field scale 
experiment is likely to be prohibitively high. 
The design of the experiment chosen was to plant strips of SRC across a large 
arable field. The resulting experimental arena would then be intensively monitored to 
observe interactions occurring and differences between the strips of trees and the cropped 
areas. This design of experiment has been described as an appropriate methodology for 
agroforestry studies and is referred to as a `biophysical survey' (Huxley and Mead, 1988). 
In terms of replication the experiment would be mensurative (in which space and time are 
the only experimental variable or treatment), as opposed to a manipulative experiment (in 
which experimental units receive different treatments which can be randomised)(Hulbert, 
1984). Windbreak and integrated riparian management types of agroforestry are often 
researched using the `biophysical survey' approach (Gordon and Kaushik, 1987). 
The experimental arena was monitored for three years although it was hoped that it would 
become part of a long-term study. Long term monitoring was necessary because it was 
expected that many of the parameters measured would respond slowly to the SRC strips. 
Woiwood (1990) comments that agroecological studies need long term monitoring to 
account for slow processes, rare events and cyclical phenomena. 
2.3 Selected Design 
The combined food and energy system, as discussed in Chapter 1, was to consist of 
strips of SRC (with a width of between 12-24m) planted within arable fields. The 
espacement of the strips was designed in this initial experimental work to give an 
indication of the appropriate spacing between strips. The chosen layout of the experiment 
is shown in Figure 2. The design of the experiment consisted of eight 12m wide strips of 
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detailed in Chapter 1) planted on a north-south axis across a4 ha arable field that was 
subdivided into four I ha units/fields (A-D). 
(a) 
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Figure 2. Layout of the experiment (a) and planting arrangement in the SRC strips (b). 
Bowles hybrid (Salix viminalis), Germany (Salix burjatica), Stott 10 (Salix viminalis x 
burjatica) and Tora (Salix viminalis x scherwinii). 
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The field was subdivided to allow the impact of the strips to be assessed on 4 crops 
in each year. The strips were planted on a north south axis to reduce shading on the 
adjacent crop. However it was not expected that the system would always be planted on 
this axis. The 8 strips of SRC were all planted at the same time and managed in the same 
way. The six short strips of SRC (those that did not traverse the entire width of the field) 
were planted with the intention of creating arable alleys of widths 36m, 84m and 180m, 
which could then be compared with one another. However it was realised that the areas 
were not spatially independent of each other and therefore comparisons between the 
different alleys were not made. The shorter lengths of SRC strip were used for monitoring 
earthworms and nitrate leaching. The justification for using these strips for this monitoring 
was that (i) it was expected that these parameters would not show large spatial variability 
within the food crop (but there would be clear differences between the SRC and the arable 
crops), (ii) these parameters would be less affected by surrounding habitats and crops 
compared to other parameters measured and (iii) the methodologies used to sample these 
involved both regular and destructive sampling regimes. 
The monitoring was carried out over a three-year period, commencing in March 
1997 following the planting of the SRC. This time period would only allow initial 
observations of the impact of the SRC strips. However the monitoring period was a single 
rotation of the SRC (based on a harvest interval of three years), thus observations would 
give a strong indication of the likely impact of the system in the longer term. 
The methodology and sampling regime for each parameter measured are discussed 
in each of the chapters. 
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Site history and details 
2.4.1 Field history and surrounding habitats 
The experiment was located on a single 4 ha site at Long Ashton Research Station, 
Bristol, UK. A single site was necessary to keep within the research budget. Because the 
experiment was carried out on a single site it was important to ascertain the history and 
geography of the site, as these factors may help account for spatial trends observed. 
The site was located in the south west of the UK where annual rainfall is typically 
high (>700mm per annum). There is also significant rainfall in the summer months 
compared to eastern locations. 
The site was in orchards until 1980 after which the field was split on a north south 
axis into two fields and put into arable production. The fields were referred to as field 17 
and 18 and were separated by a notional boundary. Under arable production the fields were 
managed separately and different crops grown until 1995 (see table 1). Between 1995 and 
1997 the fields were managed identically. It is important to note that the fields designated 
fields A and C have identical crop histories, as do B and D. 
The field is surrounded on the north and west boundary by a mature hedgerow (ca. 
4m in height) of mainly hawthorn (Crataegus monogyna) also some blackthorn (Prunus 
spinosa) with occasional sweet chestnut (Castanea sativa) and ash (Fraxinus excelsior) 
trees. Because of the close proximity of these habitats to the trial it was decided that the 
intensive monitoring should be carried out in the central area of the trial, thus buffering 
impacts from these areas. To the east and south of the experimental area were similar sized 
arable fields. 
A 3m wide access track of Loliumperenne and Trifolium spp. was sown around the edge of 
the field in 1997. This was used for access to the different fields for arable operations and 
experimental sampling. 
The soil across the site was very heterogeneous. The major soil group across the site was 
Greinton series, which consists of imperfectly drained loarns on loamy bed (Cope, 1969). 
There were scattered across the site patches of loam overlying sandstone (Series E), which 
were very free draining and in contrast patches of silty clay overlying compact marl beds 
which were very poor draining. Figure 2 shows the soil survey map of the field used for the 
experiment. 
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Fable 1. Site details and previous crop histor} 
Site and crop history 
Location Long Ashton Research Station, Bristol, UK 
Grid reference ST537693 
Elevation 30m 
Description Level site with mature trees to north 
Soil type Reddish brown imperfectly drained deep loam 
Greinton series, gleyed brown earth (Cope 1969) 
Low organic matter and weakly structured 
Cropping history 
Apple and pear orchards until 1980 
1980-1996 Field A&C Fields B&D 
Arable crops (mainly cereals) Arable crops (mainly cereals) 
Grass leys in 87,88 Grass leys in 85,86 and 93,95 
Field trials carried out on including experiments requiring sown weeds 
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Figure 2. A soil map of the field used for the experiment (from Cope 1969). The solid line 
delineates the experimental area. Key: E= loam; Gc = loam (Greinton series), G= loam 
with clay loam/ silty clay loam subsoil; Wf' = clay loam and silty clay subsoil. A= soil pit. 
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2.4.2 Crop management 
For the duration of the experiment arable crops were managed according to the IOBC 
guidelines for integrated arable production (Boller et al. 1997). The crops were all 
established using non-inversion tillage. All inputs were applied according to 
recommendations by a BASIS qualified agronomist field walking the central area of the 
experiment. The details of all agrochemicals and fertilisers applied are detailed at 
Appendix 1. The crop rotation consisted of `first wheats' with break crops of oats, beans or 
oilseed rape. The rotation was chosen because it represented most of the commonly grown 
arable crops in the UK. Varieties were selected on the basis of market requirements, 
disease resistance and availability. The integrated management regime was thought to 
complement the objectives of the agroforestry system. Details of varieties grown in each 
field in each year are shown in Table 2. 
The SRC was managed according to recommendations provided in the SRC Grower's 
Handbook (Danfors, Ledin and Rosenquist, 1998). Herbicides (residual and contact) were 
applied before and after planting and following the first-year cut-back. Inorganic nitrogen 
fertiliser (60kgN) was applied to the SRC strips in March 1998 in order to achieve targeted 
yields of 10 oven-dried tons (ODT) per ha per year (Table 2). 
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Table 2. Summary of crop details 
Crop details 
SRC 
Planting density 15000 hä 1 
Width and lengths of strips Lengths 200m x 2,75m x2 and 40m x 4. All 12m wide. 
Clones used 2x double rows Bowles Hybrid (Salix viminalis) 
1x double row Germany (Salix burjatica), 
1x double row Stott 10 (Salix viminalis x burjatica) 
1x double row Tora (Salix viminalis x scherwinii) 
Fertiliser 60 kg N (As ammonium nitrate 34.5: 0: 0) 
Applied March 1998 
Planted March 1997 
Cut back January 1998 
Harvested January 2000 
ARABLE CROPS 
Harvest Year Crop 
Field A 
1996 Winter wheat (Triticum aestivum cv Hereward) 
1997 Spring barley (Hordeum vulgare cv Chariot) 
1998 Winter field bean (Vicia faba cv Punch) 
1999 Winter wheat (Triticum aestivum cv Consort) 
Field B 
1996 Winter wheat (Triticum aestivum cv Hereward) 
1997 Winter barley (Hordeum vulgare cv Puffin) 
1998 Winter oats (Avena sativa cv Gerald) 
1999 Winter field bean (Vicia faba cv Clipper) 
Field C 
1996 Winter wheat (Triticum aestivum cv Hereward) 
1997 Spring oilseed rape (Brassica napus cv Spok) 
1998 Winter wheat (Triticum aestivum cv Hereward) 
1999 Winter oats (Avena sativa cv Gerald) 
Field D 
1996 Winter wheat (Triticum aestivum cv Hereward) 
1997 Winter barley (Hordeum vulgare cv Puffin) 
1998 Spring oilseed rape (Brassica napus cv Liason) 
1999 Winter wheat (Triticum aestivum cv Hereward) 
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2.4.3 Weather 
The weather at the site was monitored from nearby weather station (ca. Ikm). The amount 
of annual precipitation was highly variable between the three years, whilst annual sun 
hours and mean annual temperatures were similar (Table 3). Winds were predominantly 
southwesterly. 
The impact of these variables on the parameters measured is discussed more fully where 
appropriate. 
Table 3. Summary of climate parameters at the site from 1997 to 1999. 
Parameter 
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Monitoring of growth, yield and quality in crops adjacent to the short 
rotation coppice strips 
3.1 Introduction 
Since the early twentieth century, studies have demonstrated that strips of trees, 
planted as shelterbelts or as components of silvoarable, farming systems benefit crops 
growing in their shelter (Bates, 1917; Panfilov, 1932). Improved yields and quality are 
attributed to reduced wind erosion, protection from windblown soil, improved 
microclimate and higher soil moisture content, due to snow trapment and reduced 
evapotranspiration (Kort, 1988). Increased yields have been found within the 10-15H 
leeward and 2-511 upwind of the row of trees (H is the height of the trees). The degree of 
yield increase varies from year to year depending on site conditions, the weather and the 
variety (Baldwin, 1988; Kort, 1988; Norton 1988). Field shelterbelts were also found to 
decrease yields by occupying farmland and competing with nearby crops for moisture and 
light (Pelton, 1976). Studies have shown that yields are lower within 1H of the tree rows, 
however the yield increases that occur farther into the field can compensate for these yield 
reductions. Brandle (1987) reports that 4-10% of the cropped area can be planted to 
windbreaks without economic loss. Crops have been found to differ in their responsiveness 
to shelterbelts, Kort (1988) reported that winter wheat and barley appear to be highly 
responsive to protection, whilst spring wheat and oats respond to a lesser degree. Predicting 
the response of particular crop type to an agroforestry system is difficult because the 
pattern of yield and quality response varies between years, locations and species (Grace, 
1988). 
The novel combined food and energy silvoarable system is very different from 
conventional silvoarable systems hence it is expected that the pattern of yield response will 
be different to that seen in other systems. The main factor that make the novel system 
different is that the growth habit of the coppiced trees is nearly vertical and the tree rows 
are harvested triennially, this contrasts with conventional silvoarable systems in which the 
tree canopy expands over the arable crop and trees are harvested after a much longer 
duration (20-40 years). 
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The aim of this section of the study was to comprehensively examine the spatial 
pattern of yield and components of yield, of several commonly grown arable crops, relative 
to strips of SRC. 
3.2 Methods 
3.2.1 Sampling regime 
The central area of the field experiment was dedicated for the destructive, hand 
harvest sampling (Fig. 1a). The central area of the trial was selected as sampling could be 
carried out at a range of distances with out impact from other strips of SRC in the 
experiment. In each of the crops, five permanent transects were marked (Figure 1b and 1 c). 
Along each transect, sampling was carried out at distances of 1.5m, 5m, 17m, 29m, 41m 
and 63m from the edge of the strips of SRC to the open field. At each distance a marker, 
indicating the corner of each lm2 sample quadrat, was placed after the crop had been sown. 
The distances were selected as it allowed the sampling areas to be accessed from the tractor 
wheel marks, thus not trampling large areas of the crop, which may have interfered with 
other parameters being measured. At each time of data collection the average height of the 
SRC was recorded by measuring the tallest stem at the base of each transect. 
3.2.2 Plant population 
Approximately four weeks after sowing the number of plants in each of the im2 
sampling points was counted. The early season counts were made non-destructively and 
thus there may be some inaccuracy in counts of cereals (i. e. plants were not separated in the 





Figure 1 a-c. Layout of the sampling areas (a), transects (b) and sampling squares (c) relative 
to the SRC strips. 
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3.2.3 Effect on grain and seed production 
The im2 sample points were harvested by hand at approximately five days before 
the crop was conventionally harvested. The crop plants were cut at approximately 5cm 
from ground level. Samples were then returned to the laboratory for sorting. In each sample 
the number of fertile tillers or stems were counted. The ears of cereals and pods of oilseed 
rape and field beans were removed and threshed and the fresh mass of seeds or grain 
measured. A small amount of grain (ca. 5g) was set aside for protein analysis and the 
remainder was used to gravimetrically determine the moisture content (samples dried at 
95°C for 24h). The crop yields were then adjusted to 14% moisture content of cereals and 
field beans and 9% for oilseed rape. 
3.2.4 Effect on straw production 
The straw removed from each sample was weighed and then dried at 95°C for 24h 
to determine the moisture content. The straw yield of each sample was then standardised to 
40% moisture content. 
3.2.5 Effect on grain size 
The thousand-grain weight (TGW) of each sample was determined by weighing 
1000 grains (counted using a tablet counter) on an electronic balance. The weight was then 
adjusted to standard 14% moisture content. 
3.2.6 Effect on grain quality 
The protein content of each winter wheat sample was measured using an adapted 
semi micro-Kjeldahl method for determining total nitrogen content (Crosland and Birdsley 
1995). Approximately 5g of grain at known moisture content, retained from the hand 
harvest samples, were milled in a Vortex grinder and then ground for 5 minutes in a ball 
mill to produce a fine flour. A weighed sample of between 0.5-0.7g was then placed in a 
boiling tube and a copper catalyst tablet (Kjeltab - Analar Ltd. ) and 20m1 of concentrated 
sulphuric acid (H2SO4) added. The samples were then heated at 150°C for 1.5h and then 
the temperature increased to 380°C for a further 4h. The digestion phase converted all 
organic (and inorganic) forms of nitrogen to ammonia. The digested samples were allowed 
to cool prior to distillation under alkaline conditions. Automatically, 60mis of boric acid 
(4%)-indicator solution were added, followed by 72m1 water and 40m1 of 40% NaOH. The 
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amount of distilled NH3 was measured by acidimetric titration using standard HC1(Analar 
volumetric standard). The amount added to neutralise the solution (end point observed by a 
colour change from blue to pink) was then used to determine the ammonia (hence N) 
content of the flour sample. In each batch of samples (total of five per run) a flour of 
known nitrogen content was analysed to check accuracy. The percentage nitrogen content 
of the grain was adjusted to 14% moisture. 
45 
3.3 Results 
3.3.1 Effect on crop establishment 
In 1997 there was no significant effect of distance on the establishment of spring 
barley (Table 1). However, there was a significantly lower establishment of spring oilseed 
rape at 1.5m from the SRC strip compared to all other distances (p = 0.047)(Table 1). 
No significant effect of distance was observed in winter bean establishment in 
1998. However, both winter oat and winter wheat establishment were significantly 
different with distance from the SRC strips (p = 0.017 and 0.005 respectively). In these 
crops there was a significantly higher plant population at 5m from the SRC strip compared 
to other distances. In 1998 spring oilseed rape establishment was significantly lower at 
1.5m from the SRC strip compared to all other distances (p >0.001) (Table 1). 
There was no significant effect of distance on the establishment of any of the crops 
grown in 1999 (Table 1). 
Table 1. Mean crop establishment (plants m-2) at distances from the SRC strips at 28 days 
after sowing. Standard error of the difference (SED) at 20 df. 
No of plants m at distance from SRC strip 
Year Field Crop 1.5m 5m 17m 29m 41m 63m F Prob SED 
1997 A spring barley 230.4 238.4 228.8 240.8 252.8 238.4 0.552 13.448 
C spring rape 12.0 28.8 21.6 21.2 20.8 28.0 0.047 5.174 
1998 
A winter bean 28.8 37.6 32.8 33.6 34.4 38.4 0.233 4.018 
B winter oat 265.6 350.4 252.8 278.4 304.0 288.0 0.017 25.716 
C winter wheat 251.2 288.0 211.2 225.6 240.0 256.0 0.005 17.422 
D spring rape 37.6 84.0 67.2 66.4 65.6 75.2 <0.001 7.870 
1999 
A winter wheat 275.2 230.4 246.4 243.2 240.0 262.4 0.654 28.275 
B winter bean 67.2 68.8 49.6 56.0 62.4 64.0 0.387 9.771 
C winter oat 222.4 256.0 278.4 276.8 275.2 268.8 0.077 19.739 
D winter wheat 269.0 238.3 241.7 242.9 264.1 268.5 0.744 27.976 
3.3.2 Effect on tiller/plant density at harvest 
In 1997 there was no significant effect of distance on the density of tillers in the 
winter barley (both fields) and spring barley at harvest. However, in this year there was a 
significantly lower plant number per m2 in spring oilseed rape at 1.5m from the SRC strip 
than at distances over 5m (p = 0.02 1) (Table 2). 
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In 1998 in fields of winter beans, winter oats and winter wheat there was no 
significant effect of distance on plant or tiller density at harvest. However, once again there 
was a significant effect of distance on the density of spring oilseed rape plants at harvest (p 
= 0.018). This was due to a lower plant population at 1.5m and 17m from the SRC than at 
41m and 63m (Table 2). 
At harvest in 1999 there was significantly lower density of tillers or plants at 1.5m 
from the SRC strips in both winter beans (p = 0.002), winter oats (p <0.001) and winter 
wheat grown in field D (p = 0.017) compared to at least one other distance. The mean 
number of tillers in the winter wheat in field A was lower at 1.5m from the SRC strip than 
at other distances but the difference was not significant (Table 2). 
Table 2. Mean number of tillers or stems m2 at harvest at distances from the SRC strips. 
Standard error of the difference (SED) at 20 df. 
Year Field Crop 
No. of tillers m- 
1.5m 5m 
2 at distance from SRC strips (m) 
17m 29m 41m 63m F Prob SED 
1997 A spring barley 398.4 380.8 332.6 338.3 344.0 376.0 0.748 52.107 
B winter barley 811.2 688.0 724.8 773.6 822.4 793.6 0.310 65.516 
C spring rape 56.8 68.0 91.2 84.4 77.6 89.6 0.021 10.207 
D winter barley 710.4 672.0 788.8 768.8 748.8 746.9 0.737 80.233 
1998 
A winter bean 39.2 33.6 30.4 32.4 34.4 34.4 0.695 5.320 
B winter oat 566.4 464.0 502.4 528.8 555.2 555.2 0.095 37.407 
C winter wheat 590.4 494.4 457.6 497.6 537.6 556.8 0.051 41.507 
D spring rape 83.2 104.0 90.4 106.8 123.2 120.8 0.018 11.977 
1999 
A winter wheat 400.0 507.2 449.6 451.2 452.8 494.4 0.052 32.904 
B winter bean 53.6 75.2 62.4 76 89.6 65.6 0.002 7.531 
C winter oat 278.4 382.4 388.8 429.6 470.4 481.6 <0.001 36.783 
D winter wheat 388.8 424.0 448 422.4 436.8 526.4 0.017 34.481 
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3.3.3 Effect on straw yield 
In 1997 there was no significant effect of distance on the straw yield in spring and 
winter barley (Table 3). However, in this year the straw yield of spring oilseed rape was 
significantly lower (p = 0.001) at 1.5m from the SRC strip than at all other distances (Table 
3). 
In 1998, there was a significantly higher straw yield at 1. Sm from the SRC strips 
compared to all other distances in winter beans (p = 0.005) and winter wheat (p = 0.01). 
There was no significant effect of distance on the straw yield of winter oats and spring 
oilseed rape in 1998 (Table 3). 
In 1999 the straw yield of both fields of winter wheat and winter oats was 
significantly lower at 1.5m (p = 0.001 and 0.006 respectively) from the SRC strips than at 
other distances. There was no significant effect (p = 0.067) of distance on the straw yield of 
winter beans in this year; however, the mean yield at 1.5m was lower than at all other 
distances (Table 3). 
Table 3. Mean straw yield at distances from the SRC strips (all values adjusted to a 
standard moisture content of 40%). Standard error of the difference (SED) at 20 df. 
Year Field Crop 1.5m 
Straw yield t hä at distances from SRC strip (m) 
5m 17m 29m 41m 63m F Prob SED 
1997 A spring barley 3.91 4.97 3.90 4.13 4.35 4.45 0.466 0.585 
B winter barley 9.75 7.59 9.26 9.78 10.30 10.73 0.055 0.953 
C spring rape 2.89 4.41 5.54 4.61 3.68 3.96 0.001 0.511 
D winter barley 8.29 7.92 10.11 9.75 9.39 10.10 0.522 1.429 
1998 
A winter bean 9.72 5.98 3.82 3.80 3.78 5.28 0.005 1.498 
B winter oat 11.64 11.67 11.14 11.21 11.28 13.33 0.293 1.009 
C winter wheat 12.03 9.71 8.52 9.72 10.91 11.6 0.010 0.934 
D spring rape 5.04 5.55 6.00 5.97 5.94 7.73 0.052 0.783 
1999 
A winter wheat 8.36 11.46 10.40 10.41 10.42 11.36 0.001 0.631 
B winter bean 5.88 10.11 8.59 8.94 9.28 7.54 0.067 1.340 
C winter oat 7.29 9.27 10.81 9.41 8.01 10.03 0.006 0.847 
D winter wheat 8.66 9.90 10.71 10.48 11.20 12.67 0.004 0.850 
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3.3.4 Effect on grain and seed yield 
In 1997 there was no significant effect of distance on the yield of both spring and 
winter barley (Table 4). There was a significantly lower spring oilseed rape yield (p = 
0.046) at 1.5m from the SRC strip than at distances of 17m and over (Table 4). 
In 1998 there was no significant effect of distance on the yield of winter beans and 
winter oats. The winter wheat yield was significantly higher (p = 0.027) at 1.5m from the 
SRC than at other distances (Table 4). In spring oilseed rape there were significant 
differences in yield between the distances (p = 0.004), this was mainly due to a lower yield 
at Sm and 41m from the SRC strips compared to other distances. 
In 1999 there was a highly significant effect of distance (p = 0.001) from the SRC 
strips on the yield of all crops. The significant differences were all due a lower yield at 
1.5m from the SRC strip than at all other distances (Table 4). 
Table 4. Mean grain yield at distances from the SRC strips (all values at standard moisture 
contents of 14%). Standard error of the difference (SED) at 20 df. 
Year Field Crop 1.5m 
Grain yield t ha' 
5m 
at distance from SRC strip (m) 
17m 29m 41m 63m F Prob SED 
1997 A spring barley 4.21 4.34 3.83 3.97 4.12 4.73 0.617 0.525 
B winter barley 6.19 5.27 4.90 5.23 5.56 5.88 0.214 0.530 
C spring rape 2.29 3.01 3.37 3.43 3.49 4.13 0.046 0.517 
D winter barley 4.81 4.52 5.53 5.50 5.47 5.58 0.168 0.481 
1998 
A winter bean 7.44 6.73 5.07 5.52 5.98 6.18 0.128 0.855 
B winter oat 9.95 10.18 9.98 9.59 9.21 11.48 0.089 0.728 
C winter wheat 12.18 9.89 8.89 9.67 10.45 11.84 0.027 1.014 
D spring rape 4.51 3.68 4.95 4.11 3.26 4.13 0.004 0.379 
1999 
A winter wheat 7.82 11.80 11.36 11.31 11.27 11.54 <0.001 0.618 
B winter bean 4.21 11.28 9.13 10.51 11.90 11.86 <0.001 1.448 
C winter oat 5.33 7.20 7.92 7.14 6.36 7.44 0.001 0.515 
D winter wheat 6.58 7.62 9.43 8.86 9.72 11.07 0.001 0.460 
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3.3.5 Effect on thousand grain weight (TG99 
In 1997 there was no significant effect of distance on the TGW of spring barley and 
winter barley in field B. However, the TGW of winter barley in field D was a significantly 
lower (p = 0.015) at distances of 41m and 63m from the SRC strips compared to other 
distances (Table 5). 
In 1998 there was no significant effect of distance on the TGW of wheat and oats 
(Table 5). 
In 1999 there was a significant effect of distance on the TGW in both fields of 
wheat (p = 0.009 and p=0.001, field A and D respectively)(Table 5). In field A this was 
due to a lower TGW at 63m from the SRC strips compared to the other distances, whilst in 
field D the main difference was a lower TGW at 1. Sm and Sm from the SRC than at all 
other distances. There was no significant effect of distance on the TGW of winter oats in 
1999 (Table 5). 
Table S. Mean TGW (g) of grain samples taken at distances form the SRC strips (all values 
at standard moisture contents of 14%). Standard error of the difference (SED) at 20 df. 
TGW(g) at distance from SRC strips (m) 
Year Field Crop 1.5m 5m 17m 29m 41m 63m F Prob SED 
1997 A spring barley 43.25 45.41 44.35 44.27 44.20 44.46 0.053 0.597 
B winter barley 35.46 38.19 36.38 35.93 35.47 36.63 0.091 0.964 
D winter barley 39.27 39.62 41.65 39.22 36.80 36.68 0.015 1.369 
1998 
B winter oat 39.24 39.82 40.38 40.48 40.57 38.73 0.703 1.376 
C winter wheat 48.73 46.23 49.50 49.78 50.07 50.84 0.285 1.958 
1999 
A winter wheat 50.37 49.25 52.91 52.02 51.14 48.82 0.009 1.094 
C winter oat 35.14 37.47 38.78 36.87 34.96 37.19 0.297 1.797 
D winter wheat 45.22 47.63 51.50 50.09 50.37 51.64 0.001 1.147 
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3.3.6 Effect on grain nitrogen content 
In all years, in all cereal crops analysed, there was no significant effect of distance 
from the SRC strips on the percentage nitrogen content of grain (Table 6). 
Table 6. Mean percentage nitrogen content (angular transformed) of grain at distances from 
the SRC strips. Back transformed means in italics. 
% grain N (angular transformed) at distance from SRC strip 
Year Field Crop 1.5m 5m 17m 29m 41m 63m F Prob SED 
1997 A spring barley 0.112 0.115 0.113 0.111 0.109 0.112 0.253 0.002 
1.240 1.319 1.269 1.184 1.252 1.252 
B winter barley 0.135 0.136 0.133 0.134 0.135 0.136 0.417 0.001 
1.811 1.827 1.770 1.818 1.829 1.829 
1998 C winter wheat 0.131 0.130 0.130 0.128 0.127 0.128 0.592 0.002 
1.701 1.670 1.670 1.610 1.631 1.631 
1999 A winter wheat 0.129 0.129 0.129 0.129 0.128 0.129 0.604 0.001 
1.649 1.657 1.654 1.633 1.660 1.660 
3.3.7 Effect on grain moisture content 
In 1997 there was no significant effect of distance on the crop moisture content at 
harvest of winter and spring barley. Spring oilseed rape moisture content was significantly 
higher (p = <0.00 1) at 1.5m from the SRC strip than at all other distances (Table 7). 
In 1998, in all the crops grown there was no significant effect of distance from the 
SRC strips on the crop moisture content at harvest (Table 7). 
In 1999 there was a highly significant effect (p = <0.001 and 0.046) of distance on 
the moisture content of the grain/seed at harvest in all crops. The moisture content of grain 
was a significantly higher (ca. 5%) at 1.5m from the SRC strip compared to all other 
distances (Table 7). 
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Table 7. Mean percentage moisture content (angular transformed) of grain at harvest at 
distances from the SRC strips from 1997-1998. Back transformed means in italics. 
Year Field Crop 
Percentage grain moisture (angular transformed) at distances 
from SRC strip (m) 
1.5m 5m 17m 29m 41m 63m FProb SED 
1997 A spring barley 0.428 0.412 0.421 0.430 0.438 0.414 0.130 0.010 
17 16 17 17 18 16 
B winter barley 0.418 0.426 0.425 0.428 0.431 0.423 0340 0.006 
16 17 17 17 17 17 
C spring rape 0.384 0.318 0.335 0.333 0.330 0.329 <0.001 0.008 
14 10 11 11 11 10 
D winter barley 0.433 0.428 0.427 0.436 0.445 0.433 0.501 0.010 
18 17 17 18 19 18 
1998 A winter bean 0.453 0.438 0.448 0.446 0.445 0.455 0.727 0.011 
19 18 19 19 19 19 
B winter oat 0.442 0.442 0.448 0.442 0.435 0.445 0.811 0.009 
18 18 19 18 18 19 
C winter wheat 0.427 0.427 0.433 0.434 0.435 0.426 0.574 0.006 
17 17 18 18 18 17 
D spring rape 0.334 0.344 0.364 0.341 0.317 0342 0.193 0.017 
11 11 13 11 10 11 
1999 A winter wheat 0.500 0.435 0.430 0.426 0.422 0.420 <0.001 0.007 
23 18 17 17 17 17 
B winter bean 0.512 0.458 0.464 0.454 0.443 0.446 <0.001 0.012 
24 20 20 19 18 19 
C winter oat 0.669 0.568 0.613 0.621 0.629 0.630 <0.001 0.009 
38 29 33 34 35 35 
D winter wheat 0.463 0.430 0.434 0.423 0.422 0.440 0.046 0.013 
20 17 18 17 17 18 
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3.4 Conclusions 
Over the period of the study a number of significant differences in yield and yield 
components were observed between the distances monitored. The data suggested that the 
impact of the SRC strips on the adjacent crops increased with time. The percentage of 
parameters found to be significantly different (at p<0.05) with distance were 6%, 37%, 
and 62% in 1997,1998 and 1999 respectively. This fits in the common observation in 
agroforestry systems that there is little impact of the trees on the adjacent crop in the initial 
years but as the trees mature effects on the adjacent crop occur (Beaton et al. 1992; 
Newman et al. 1991). 
The effect of reduced establishment of spring oilseed rape immediately adjacent to 
the SRC, in the two years in which this crop was grown, may have been due to lethal 
grazing by field slugs (Derocerus reticulatum). Slugs are known to seriously reduce oilseed 
rape establishment and it was suggested that the slugs might favour the microclimate 
adjacent to the establishing SRC (see chapter 4). Griffiths et al. (1998) reported that tree 
rows in silvoarable systems can result in higher local densities of slugs than would be 
found in open arable fields, and that this increased density can cause increased damage in 
the arable alleys, especially in the drill row immediately adjacent to the tree rows. The 
differences observed in crop establishment with distance in the cereal crops in 1998 are 
difficult to interpret and it is suggested that they may have been due to a variable such as 
different output from a drill coulters due to blockage by straw or a failure of the coulter to 
penetrate the soil. These mechanical problems have been frequently observed in reduced 
tillage systems (Christian et al. 1999). The lack of any significant effects of distance on 
cereal establishment, in 1999, suggests that factors affecting cereal establishment were not 
affected by the agroforestry system. Similarly the results show that winter bean 
establishment was not affected by the system. 
Measurements of tiller or plant density at harvest found a number of significant 
differences between distances from the SRC strips. In spring oilseed rape the pattern of 
plant density was similar to that observed at establishment (significantly lower density at 
1.5m from the SRC strip compared to other distances) suggesting that poor crop 
establishment (possibly due to slugs) resulted in a lower plant population at harvest. In 
winter beans in 1998 there was, as with establishment, no significant effect of distance on 
plant density at harvest. However, in 1999, despite there being no significant difference in 
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establishment, there was a significantly lower plant density at 1.5m from the SRC strip. 
This observation suggests that the SRC strips may affect factors that cause the loss of 
winter beans between establishment and harvest. Factors that could be responsible include 
localised enhancement of plant pathogens, such as damping off (Pythium spp. ) and foot rot 
(Phytophthora spp. ); increased pressure from slugs (slugs are not reported as common 
pests of field beans); bean weevils (Sitona lineatus) (damage by this pest does not usually 
cause plant mortality)(Iley, 1987) and competition between the SRC strips and the adjacent 
crop for light. The latter may have caused a localised reduction in the production of branch 
stems by the winter beans. In the first two years differences in cereal establishment were 
found at the early stages of crop development but there was no significant effect of distance 
on cereal tiller density at harvest, suggesting that the SRC strips were having no effect on 
the factors that affect the production of tillers and stems. However, in 1999, a significantly 
lower density of tillers at 1.5m from the SRC strip was found at harvest, yet no significant 
differences were found at establishment. This suggested that in the third year of the 
experiment the SRC strips affected tiller production by cereals. In cereals it is well 
understood that tiller production and survival is function of cultivar, availability of nitrogen 
and light (Kirby and Appleyard, 1981). The pattern of tiller density observed would suggest 
that the SRC strip was having an impact by either reducing light or nitrogen availability at 
1.5m thus resulting in a less well-tillered crop. Alternatively a pest or disease (favouring 
the area immediately adjacent to the SRC strips) may have been responsible for tiller loss. 
In cereals, winter beans and spring oilseed rape the pattern of straw yields generally 
followed a similar pattern to the tiller or plant density, hence, distances with significantly 
lower tiller /plant densities at harvest had lower straw yields. However there was a notable 
exception in 1998, where no significant difference in plant density were observed in winter 
beans yet straw yields were significantly greater at 1.5m from the SRC strip. Although no 
measurements of straw length were taken there was a visibly taller crop immediately 
adjacent to the SRC strips. This may have occurred because of the bean plants growing 
taller in response to shading by the adjacent SRC. It is widely reported that plants that 
normally grow in a sunlit environment when shaded allocate more resources to growing 
taller and this has been identified as being phytochrome-controlled (Morgan and Smith, 
1979). 
The spatial pattern of yield, in 1997 and 1998, relative to the SRC strips suggests 
that the impact of SRC strips on crop yield was minimal. In 1998 the significantly higher 
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winter wheat yield at 1.5m from the SRC strip is difficult to interpret. The absence of 
significant effects on tiller density and TGW suggest that this effect must have been due to 
a greater quantity of grains per ear. This may have occurred because of some drift of the 
fertiliser, applied to the SRC strips in March, into the wheat crop adjacent to the SRC 
strips. 
The poor establishment of spring oilseed rape at 1.5m from the SRC strips in 1997 
was thought to be responsible for the significantly lower yield at 1.5m. In 1998, despite 
significantly lower establishment and pre-harvest plant density at 1.5m from the SRC strip, 
there was no significant effect of distance on yield. This was probably because of the 
ability of oilseed rape to compensate for yield under low plant densities (Ogilvy, 1984). 
The significantly lower yield at 41m cannot be explained in terms of plant population and 
may have occurred because of other biotic and abiotic factors such as increased windspeed 
at 41 m causing greater seed shed. 
In 1999, the reduction in the yield of all crops at 1. Sm from the SRC strips is 
thought to have occurred because of the SRC strips causing a localised reduction in 
establishment and tiller production. The factors responsible are likely to include 
competition with the SRC for light, water and nutrients and possibly increased pest damage 
or disease pressure at 1.5m from the SRC strip. 
In general there was no effect of distance on TGW, however, two significant 
differences were observed. The effect on the TGW in winter barley (in field D in 1997) 
was probably due to variables not related to the SRC strip such as possible uneven nitrogen 
application. The reduced TGW of winter wheat at 1.5m in 1999 (field D) was either due to 
competition between the SRC and the adjacent wheat crop or as with the winter barley due 
to a variable not affected by the SRC strip. The lack of any effect on the other wheat crop 
grown in 1999 suggested that there was either a variety effect or the direction of the crop 
relative to the SRC was a factor (the crop in field A was leeward of the strip, whilst field D 
the crop was windward). Thousand-grain weight is affected by the amount of late season 
available nitrogen and the availability of water during grain filling (Eastleach, 1985) both 
of which may have been affected by the SRC. The effects of distance on the TGW were 
small suggesting that the SRC strips had a minimal impact on grain size. 
Achieving grain of certain nitrogen content is essential for premium markets such 
as bread making and malting (Brockman, 1995). The partitioning of nitrogen to cereal 
grains is heavily dependant on available nitrogen at particular growth stages (Waldren and 
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Flowerday, 1979). No significant effects were observed suggesting that the SRC strips did 
not have an impact on factors that affect grain N- partitioning. 
The significantly higher grain moisture content at 1.5m from the SRC compared to 
all other distances, in all crops in 1999, suggested that the SRC was, at this stage, having 
an effect on crop drying. Microclimate studies have shown that reduced evaporation occurs 
both leeward and windward of shelterbelts (Brandle and Hintz, 1987, see Figure 1 Chapter 
1). It is suggested that lower levels of evaporation occurred in this area, resulting in a crop 
of much higher moisture content at harvest. In previous years it is suggested that the shorter 
and possibly more porous SRC strips allowed sufficient airflow to dry the crop at all 
distances from the strip. 
In summary the experiment has shown that the likely impact of the SRC strips on 
crop yield and components are: 
" Little or no effect on grain nitrogen content, TGW, straw production and cereal crop 
establishment in all years. 
"A highly localised (<Sm form the SRC strip) reduction in the establishment of spring 
oilseed rape in all years compared to the open field. However, this reduction does not 
necessarily result in lower crop yields. 
"A localised reduction in the tiller production, plant density and yield of all crops in year 
3, possibly due to competition between the strips and adjacent crops for light, water and 
nutrients. 
"A localised increase in crop moisture content in year 3. 
The application of these findings to developing the system further is that the SRC 
strips have a very localised negative impact on yields. Therefore espacement of the strips 
should be as wide as possible to reduce losses. 
The lack of significant positive effects or seriously negative effects has also been reported 
in other studies of silvoarable systems. Newman (1994) reports that after five years there 
was no yield reduction in crops adjacently grown to high quality hardwoods, such as 
walnut and cherry. Poplar silvoarable systems showed dramatic cereal yield reduction after 
five years (poplars 10 tall) but no significant decreases after three years (Newman, 1994). 
The experiment was limited in that windward and leeward effects were not 
examined. Investigating the leeward and windward effects of the strips on the same crops 
in the one year was not possible in the experiment. It is suggested that a further study 
should examine this effect. The pattern of yield in the following years also needs to be 
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Chapter 4. 
Monitoring of diseases, pests and weeds in crops adjacent to the short 
rotation coppice strips 
4.1 Introduction 
The effects of agroforestry systems on disease, pests and weeds in the adjacent crop 
are not widely studied. The usual focus is to quantify the effects of the system on crop 
yield and account for increases through mechanisms such as improved microclimate. 
However it is suggested that in many agroforestry systems crop yield may be affected 
through other mechanisms such as diseases, pests and weeds. Identifying the effect of the 
novel system on these components was seen as an important part of a thorough agronomic 
assessment and also it was thought possible that patterns identified could be used to 
improve crop husbandry in the system such as an increase in severity of disease could be 
controlled by a more rigorous fungicide strategy. 
Agroforestry systems are widely reported to have a beneficial effect on 
microclimate in the adjacent crop areas. However, an improved microclimate may not only 
benefit crop growth but it may also be conducive to crop disease epidemics. Brandle et al. 
(1984), in Nebraska Canada, found an increased incidence of wheat diseases in sheltered 
winter wheat crops and Shah (1961) cautioned against the use of windbreaks in very wet 
climates where crops were susceptible to fungal diseases, and that porous barriers were 
more desirable since they allowed air circulation over the field. In orchards, shelterbelts are 
reported to reduce certain diseases through reduced damage to fruits, resulting in less 
susceptibility to infection by pathogens such as brown rot (Monilina spp. ) (Norton, 1988). 
It is commonly accepted that agroforestry systems provide refuge for both pests and 
beneficial organisms (Newman and Gordon, 1997). Hedgerows and shelterbelts are 
reported to attract a more diverse insect fauna than arable crops (Lewis, 1969; Pollard, 
Hooper and Moore, 1974) because they provide shelter and food for insects. Peng et al. 
(1993), studying a silvoarable system, found a higher number of insect taxa and individuals 
in arable alleys (bordered by 12m spaced production hedges) than in the open arable plots. 
Reductions in pest numbers have also been reported in some agroforestry systems, for 
example Schulze and Gerstberger (1994) reported that hedges often harbour aphid parasites 
that control the development of Aphididae in adjacent crops. Slug numbers have been 
found in higher numbers in an experimental silvoarable system compared to an arable 
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control (Griffiths et al. 1999). This study suggested that the silvoarable system increased 
shelter and provided additional niches for slugs. In other studies higher slug numbers and 
greater slug damage have been found adjacent to semi natural field edges. This effect 
relates to the field edge being uncultivated and offering a plentiful supply of food sources 
(Frank, 1998). The effect of the strips of SRC on arthropod and mollusc pests in the 
adjacent arable crops was not known and was incorporated into the agronomic assessment. 
The investigation was seen as a compliment to the investigations into the effects of the 
system on beneficial arthropods (Chapter 5). 
Weed problems are frequently identified in silvoarable systems (Newman and 
Gordon, 1997). Weeds typically colonise the base of the tree rows, which not only reduces 
the tree growth but also result in weed invasion of the adjacent arable crop area. In 
conventional arable systems certain weed species that are abundant in field margins or at 
hedge bases, such as Bromus sterilis and Poa trivialis, are frequently found in high 
densities in the immediately adjacent crop area and then decline in density with increasing 
distance towards the field centre (Marshall, 1989). The association of the uncultivated and 
untreated field edge with invasive weeds results in farmers spending time and money in 
managing margins to prevent the ingress of weeds such as Bromus sterilis. Management 
methods to reduce ingress include the creation of a `sterile strip' or the planting of margins 
(of various widths) of perennial grasses (LEAF, 1997). The association of weeds with 
agroforestry systems and uncultivated and untreated field margins made an investigation 
into the distribution of weeds relative to the SRC strips an essential part of the agronomic 
assessment. It was speculated that the dense planting of SRC and necessary use of 
herbicides during SRC establishment would minimise weed problems and thus have 
advantages over other silvoarable systems and field edge management techniques. 
The aim of this section of the research was to determine the impact of the SRC 
strips on disease, pests and weeds in the adjacent arable crop area. 
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4.2 Methods 
4.2.1 Sampling regime 
The central area of the field experiment was dedicated for the destructive disease 
assessments (Figure la). As with the hand harvest sampling regime five transects were 
marked at right angles to the SRC strips. Transects were off set from the hand harvest 
transects by 3m (Figure lb and c). The offset was necessary to prevent disease, weed and 
pests assessments having an impact on the yield areas. Permanent quadrats (1m2) were 
marked with pegs at distances of 1.5m, 5m, 17m, 29m, 41m and 63m from the edge of the 
strips of SRC (Figure 1c). The distances were selected as it allowed the sampling areas to 
be accessed from the tractor wheel marks, thus not trampling large areas of the crop, which 
may have interfered with other parameters that were measured. 
Statistical analysis of the data was carried out in the same way as the yield data, 
with each transect as a block and distance as a treatment. Significant effects related only to 
position and not the presence of the SRC strip (i. e. differences may have arisen with or 
without the SRC strip). 
4.2.2 Cereal disease assessments 
In cereal crops a disease assessment was carried out at GS 45 (boots swollen) 
(Zadoks, Chang, and Konzak 1974). The percentage green leaf area (GLA) and the leaf 
area covered by foliar disease (lesions, pustules mycelia and associated senesced area) was 
visually estimated on the top four leaves of twenty randomly selected plants, within the 
lm2 sampling square. In the case of a leaf layer having completely senesced a green leaf 
area of 0 was recorded and a missing value for disease data. The foliar diseases that were 
assessed, were in barley (spring and winter sown): Rhynchosporium secalis; wheat: 
Mycosphaerella graminicola syn. Septoria tritici and in oats: Erysiphe graminis (mildew) 
and Puccinia coronata (crown rust). The incidence of stem-based diseases 
Pseudocercosporella herpotrichoides (eyespot), Pellicularia filamentosa, syn. Rhizoctonia 
cerealis (sharp eyespot)[wheat only] and Fusarium spp. on twenty tillers (except barley) 
was also visually assessed. 
To stabilise the variance all data were logit transformed, using the formula 0.5 Ln 





Figure 1 a-c. Layout of the sampling areas (a), transects (b) and sampling squares (c) relative 
to the SRC strips. 
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4.2.3 Foliar disease development in winter wheat 
In conjunction with the standard observations on cereal disease severity and 
senescence a detailed study on the effect of distance on the development of the epidemic of 
the main foliar disease of winter wheat, S. triticß, was carried out. 
The assessments were carried out in field A in 1999. The wheat variety grown was 
Consort which is known to be susceptible to S. tritici [S. tritici resistance score of 4](NIAB 
1999). The development of the disease was examined by determining the amount of 
inoculum before stem extension followed by a regular visual disease assessment on 
individual leaf layers. Rain splash dispersal of inoculum is essential for the development of 
S. tritici epidemics (Shaw and Royle 1993). Therefore a brief investigation in to rain 
sheltering by the SRC was undertaken. 
4.2.3.1 Pre-stem extension inoculum 
The amount of S. tritici inoculum, present before stem extension (Zadoks GS 30), 
was determined by removing twenty plants per quadrat. The number of tillers was counted 
and the roots and soil discarded. The samples were then washed gently under running tap 
water, placed in 2-L conical flasks and incubated in the dark for 18h under ambient 
laboratory conditions. The samples were then shaken in 150m1 of water containing 0. lml 
L -' Tween 20 solution for ca. 15 min to produce a suspension of spores released from any 
pycnidia present. From the resulting suspension, 9ml aliquots were transferred to specimen 
tubes containing lml of Tryphan Blue which acted as a stain and a preservative. Spores 
were counted using a NeuBauer improved haemocytometer (0.1mm, 0.0025mm). 
4.2.3.2 Disease severity on leaf layers 
On April 23 1999 (Zadoks GS 32-33), a single leaf on five randomly chosen plants 
per quadrat was tagged with a plastic tie. Percentage leaf senescence and pycnidial area of 
S. tritici (disease severity) were visually estimated every three weeks on fully emerged 
leaves (two below the tagged leaf, the tagged leaf and those above). When the flag leaf had 
emerged the leaves examined were identified to leaf number (leaf ranking) and disease 
progress curves drawn. 
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4.2.3.3 Rain interception 
After the 1999 wheat harvest in Field A, three beakers with a surface area of 
320cm2 were placed at lm, 3m, 6m, 12m and 18m leeward of the SRC strips. The volume 
of rain collected in each beaker was measured after a rain event. The amount of rain 
intercepted in mm was calculated. 
4.2.4 Winter bean disease assessments 
In each sampling square 10 randomly selected winter bean plants were assessed at GS 506 
(pods green)(Knott, 1990). The percentage area of disease was visually estimated and 
severity of stem based disease recorded. The diseases assessed were Ascochyta fabae, 
Botrytisfabae and Uromyces vicia faba. 
As with the cereal assessments all data were logit transformed, using the formula 
0.5 Ln [(x + 0.05)/(100.5 - x)] to take account of 0 or 100% values, prior to analysis of 
variance. 
4.2.5 Spring oilseed rape disease assessments 
The incidence of Erysiphe spp. (mildew) and Alternaria spp. at severities (<1%, 1-2% and 
3-5%) on 20 randomly selected pods was recorded at GS 6,1 (seeds expanding)(Sylvester- 
Bradley 1985). Data were logic transformed prior to analysis of variance. 
4.2.6 Slug monitoring 
4.2.6.1 Bait trapping 
Slug activity/density was estimated using bait stations similar to those used by 
Frank (1998). Monitoring took place from the beginning of October to mid-Novemnber in 
1997 (harvest year: 1998) and 1998 (harvest year: 1999). Each bait station consisted of an 
upturned flowerpot base (250mm diameter) baited with ca. lOg of metaldehyde (6% w/w) 
pellets. In each of the fields five transects (length 36m, spacing between transects: 7m) 
running from the centre of the long shelterbelts into the food crop were marked. Bait 
stations were placed at the centre of the SRC strips and at distances from the SRC strips of 
lm, 6m, 18m and 30m (Figure 2). At 2-3 day intervals the number of slugs in each bait 
station were identified and counted. Slugs were counted, removed and stations re-baited 
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Figure 2. Layout of slug bait traps in each of the fields. 
4.2.6.2 Soil extraction 
Slug numbers were also estimated in November 1999 by digging soil samples (25cm x 
25cm xl Ocm (deep) along a single transect (distances: within SRC strip, 1 m, 5m, 17m and 
29m in each field unit. A slow flooding technique, devised by Glen and Wiltshire (1986), 
was then used to extract the slugs. This method is reported to be more sensitive than bait 
stations. 
4.2.7 Orange blossom midges in winter wheat 
In winter wheat in 1999 (field A), orange blossom midges (Sitodiplosis mosellana) 
were trapped using yellow sticky traps mounted on canes at Im from ground level. Five 
traps, spaced at l Om intervals, were placed at distances of I m, 5m, 17m and 29m from the 
SRC strips. Traps were set at 9.00 am and left for 24 hours. The sticky traps were removed 
and replaced with fresh traps. The removed traps were returned to the laboratory for 
counting. The data were square root transformed to stabilise the variance and the data 
analysed using analysis of variance. 
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4.2.8 Pollen beetles (Meligethes spp. ) in spring oilseed rape 
In May 1998 the number of pollen beetles were counted on five plants at distances 
of lm, 5m, 17m, 29m, 41m and 63m along five transects. The mean number of beetles per 
plant at each distance was calculated and these data square root transformed to stabilise the 
variance and analysed using analysis of variance. 
4.2.9 Suction Samples 
Insect pests were sampled at distances from the SRC in July using a D-Vac suction 
sampler (design as Thornhill, 1978). Two broad transects (25 metres wide), 25m apart, 
were sampled at distances of lm, Sm and 17m and 54m from the SRC strip. Each sample 
comprised 5x 30s suction periods taken at 5m intervals at each distance from the SRC 
strip. The total sample area at each distance was approximately 1m2. The samples were 
frozen for preservation prior to sorting and identification. 
Individuals were identified to order or family using a binocular microscope. The 
insect pests counted were cereal aphids (Homoptera: Aphididae, mainly Sitobion avenae 
and Rhopalosiphum padi), plant-hoppers (Cercopidae and Jassidae, not economic pests) 
and the larvae of blossom midges (Cecidomyiidae). 
The data from the samples taken in the two transects in the each field were 
compared by analysis of variance. Counts were log-transformed (Ln(N+1)) to stabilise the 
variance. 
4.2.10 Weed distribution 
Weeds were monitored in May 1998 and 1999. In all cases this was after herbicides 
had been applied to the crops. The im2 sampling squares designated for disease 
assessments were used for the assessment of weed populations (Fig lb), although sample 
squares beyond 17m were not investigated as it was felt that effects would not occur 
beyond this distance. An extra lm2 sample square was designated in the outer edge of the 
SRC strip (in the 1.25m dividing strip) in each transect to investigate whether the weeds in 
the adjacent crop were similar to those at the edge of the SRC strip. 
Weeds were identified to species and individuals counted. The percentage ground 
coverage by weeds within the lm2 sampling area was visually estimated. The numbers of 
weeds present were typically low and therefore the numbers of weed individuals were 
grouped into the categories dicotyledonous species and grass species. The abundance data 
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were square root transformed to normalise the distribution and analysed using analysis of 
variance (transect as block and distance as treatment). The percentage ground cover data 
were angular transformed prior to analysis of variance. 
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4.3 Results 
4.3.1 Severity of cereal diseases relative to SRC strips 
4.3.1.1 Barley 
Spring and winter barley were the only crops grown in the experiment in 1997. 
Significant effects of distance on both GLA and severity of R. secalis were observed on 
certain leaf layers in the spring barley crop (Table 1). A significantly higher GLA (p = 
0.01) was found on leaf 3 at 63m from the SRC strip compared to distances of 5-41m. The 
effect was small, reflecting a difference of less than 5% GLA. However, on leaf 4a 
significantly lower GLA (p =0.045) was observed at a distance of 41m from the SRC strip 
compared to all other distances. In this case the difference was ca. 15% than all other 
distances. 
The severity of Rhynchosporium secalis on the flag leaf was significantly higher 
(p= 0.032) at 5m and 17m than at all other distances from the SRC strip. This effect was 
also small, relating to a difference of less than 2% (Table 1). 
Table 1. Mean logit transformed percentage green leaf area (GLA) and percentage leaf 
coverage by R. secalis in spring barley (field A) at GS 45 at distances from the SRC strips 
in 1997. Figures in parentheses are back-transformed means. Standard error of the 
difference (SED) at 20df. 
Percentage leaf coverage at distance from SRC strip (m) 
Parameter Leaf layer 1.5m 5m 17m 29m 41m 63m F prob SED 
GLA Flag 2.776 2.543 2.478 2.849 2.742 2.566 0.190 0.164 
94 93 92 94 94 93 
L2 1.505 1.453 1.452 1.399 1.462 1.426 0.865 0.083 
82 81 81 80 81 81 
L3 0.787 0.694 0.706 0.706 0.643 0.930 0.010 0.071 
69 67 67 67 65 72 
L4 -0.537 -0.139 -0.839 -0.493 -1.671 -0.965 0.045 0.386 
37 46 30 38 15 27 
R secalis Flag -3.515 -3.114 -3.044 -3.601 -3.424 -3.427 0.032 0.180 
2 4 4 2 3 3 
L2 -2.546 -2.575 -2.529 -2.339 -2.547 -2.240 0.467 0.200 
7 7 7 8 7 9 
L3 -1.294 -1.169 -1.201 -1.164 -1.144 -1.469 0.008 0.085 
21 23 23 23 24 18 
IA -1.578 -1.569 -1.726 -1.517 -2.171 -1.595 0.685 0.438 
17 17 15 18 10 16 
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In 1997 two fields were sown to winter barley. The fields were the same variety and 
received identical crop husbandry. In both fields there was no significant effect of distance 
from the SRC strip on green leaf area and severity of R. secalis (Table 2). 
Table 2. Mean logit transformed percentage green leaf area (GLA) and percentage leaf 
coverage by R. secalis in winter barley in fields B and D, at GS 45 at distances from the 
SRC strips in 1997. Figures in parentheses are back-transformed means. Standard error of 
the difference (SED) at 20df. 
Parameter Leaf layer 
Percentage leaf coverage at distance from SRC strip (m) 
1.5m 5m 17m 29m 41m 63m Fprob SED 
Field B 
GLA Flag leaf 2.202 2.285 2.293 2.309 2.275 2.179 0.321 0.068 
90 91 91 91 91 90 
L2 1.627 1.745 1.636 1.722 1.691 1.559 0.456 0.099 
83 85 84 85 84 83 
L3 1.603 1.645 1.616 1.695 1.560 1.496 0.136 0.070 
83 84 83 84 83 82 
LA -1.557 -1.736 -1.672 -1.528 -2.126 -1.134 0.176 0.348 
17 15 15 17 10 24 
R. secalis Flag leaf -3.067 -2.898 -2.976 -3.037 -3.028 -3.092 0.481 0.102 
4 5 4 4 4 4 
L2 -2.444 -2.400 -2.218 -2.474 -2.450 -2.247 0.577 0.179 
8 8 9 7 7 9 
L3 -2.332 -2.391 -2.277 -2.430 -2.265 -2.222 0.599 0.131 
8 8 9 8 9 9 
L4 -1.036 -1.250 -1.321 -0.728 -1.581 -0.637 0.214 0.410 
26 22 21 32 17 34 
Field D 
GLA Flag 2.197 2.461 2.374 2.302 2.211 2.166 0.586 0.187 
90 92 91 91 90 90 
L2 1.547 1.678 1.773 1.757 1.682 1.642 0.151 0.086 
82 84 85 85 84 84 
L3 1.621 1.625 1.613 1.582 1.708 1.525 0.526 0.091 
83 83 83 83 85 82 
IA -1.254 -1.358 -1.227 -1.659 -2.079 -1.564 0.654 0.557 
22 20 22 16 11 17 
R secalis Flag -2.919 -3.141 -3.160 -3.097 -3.066 -2.913 0.210 0.122 
5 4 4 4 4 5 
L2 -2.209 -2.327 -2.444 -2.606 -2.417 -2.369 0.296 0.162 
9 8 8 6 8 8 
L3 -2.397 -2.276 -2.272 -2.239 -2.518 -2.218 0.444 0.163 
8 9 9 9 7 9 
LA -1.123 -1.400 -1.126 -1.501 -1.940 -1.429 0.677 0.534 
24 19 24 18 12 19 
71 
4.3.1.2 Oats 
There was no significant effect of distance from the SRC strips on percentage green 
leaf area and severity of diseases Puccinia coronata and Erysiphe graminis on any leaf 
layer of winter oats in 1998 (Table 3). 
Table 3. Mean logit transformed percentage green leaf area (GLA) and percentage leaf 
coverage by P. coronata and E. graminis in winter oats at GS 45 at distances from the SRC 
strips in 1998. Figures in italics are back-transformed means. Standard error of the 
difference (SED) at 20df. 
Percentage leaf coverage at distance from SRC strip (m) 
Parameter Leaf layer 1.5m 5m 17m 29m 41m 63m F prob SED 
GLA Flag leaf 5.263 5.303 5.294 5.294 5.303 5.303 0.561 0.025 
99 100 99 99 100 100 
L2 5.208 5.281 5.259 5.236 5.246 5.171 0.429 0.055 
99 99 99 99 99 99 
L3 4.997 5.144 5.185 5.120 5.124 4.917 0.214 0.115 
99 99 99 99 99 99 
IA 4.159 4.135 4.621 4.648 4.511 4.346 0.503 0.337 
98 98 99 99 99 99 
P. coronata Flag leaf -5.303 -5.303 -5.303 -5.303 -5.303 -5.303 - - 
0 0 0 0 0 0 
L2 -5.277 -5.294 -5.286 -5.283 -5.290 -5.303 0.631 0.016 
0 0 0 0 0 0 
L3 -5.273 -5.286 -5.286 -5.270 -5.272 -5.286 0.970 0.026 
0 0 0 0 0 0 
L4 -5.294 -5.303 -5.303 -5.282 -5.271 -5.273 0.561 0.023 
0 0 0 0 0 0 
E. graminis Flag leaf -5.303 -5.303 -5.303 -5.303 -5.303 -5.303 - - 
0 0 0 0 0 0 
L2 -5.303 -5.294 -5.303 -5.303 -5.303 -5.303 0.443 0.005 
0 0 0 0 0 0 
L3 -5.303 -5.286 -5.290 -5.294 -5.303 -5.303 0.664 0.014 
0 0 0 0 0 0 
L4 -5.303 -5.303 -5.303 -5.287 -5.279 -5.259 0.645 0.031 
0 0 0 0 0 0 
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In 1999 the foliar diseases in winter oats were less severe than in 1998. In 1999, as 
in 1998, no significant effect of distance from the SRC strips was observed on GLA or 
foliar disease severity (Table 4). 
Table 4. Mean logit transformed percentage green leaf area (GLA) and percentage leaf 
coverage by P. coronata and E. graminis in winter oats at GS 45 at distances from the SRC 
strips in 1999. Figures in italics are back-transformed means. Standard error of the 
difference (SED) at 20df. 
Percentage leaf coverage at distance from SRC strip (m) 
Parameter Leaf layer 1.5m 5m 17m 29m 41m 63m F prob SED 
GLA Flag leaf 5.303 5.045 5.195 5.042 5.004 5.123 0.013 0.081 
100 99 99 99 99 99 
L2 5.122 4.817 5.137 5.112 4.328 4.852 0.159 0.530 
99 99 99 99 99 99 
L3 5.086 4.283 4.586 4.498 3.942 4.039 0.261 0.625 
99 99 99 99 98 98 
L4 3.784 3.249 3.632 2.651 2.936 2.666 0.052 0.781 
97 96 97 93 94 93 
P. coronata Flag -5.303 -5.103 -5.195 -5.036 -5.059 -5.159 0.075 0.090 
0 0 0 0 0 0 
L2 -5.303 -4.889 -5.167 -5.267 -5.050 -5.028 0.061 0.090 
0 0 0 0 0 0 
L3 -5.303 -4.450 -5.086 -5.123 -4.807 -4.807 0.182 0.168 
0 1 0 0 0 0 
L4 -5.303 -4.161 -4.684 -4.658 -4.876 -4.600 0.084 0.997 
0 1 0 0 0 0 
E. graminis Flag -5.303 -5.303 -5.303 -5.303 -5.303 -5.267 0.069 0.013 
0 0 0 0 0 0 
L2 -5.303 -5.267 -5.303 -5.148 -4.774 -5.249 0.160 0.388 
0 0 0 0 0 0 
L3 -5.303 -5.303 -5.253 -5.013 -4.131 -4.926 0.091 0.169 
0 0 0 0 1 0 
L4 -5.253 -5.303 -5.203 -4.689 -4.215 -4.689 0.422 0.714 
0 0 0 0 1 0 
73 
There was no significant effect of distance on the incidence of stem-based diseases 
in 1998 in winter oats (Table 5). In 1999, there was a significantly lower incidence (p = 
0.023) of Fusarium spp. at 63m from the SRC strips than at all other distances. There was 
no significant effect of distance on the incidence of P. herpotrichoides observed (Table 5). 
Table 5. The incidence of stem-based diseases (logit transformed percent of straws) in 
winter oats at GS45 at distances from the SRC strips in 1998 and 1999. Back-transformed 
means in italics. Standard error of the difference (SED) at 20df. 
Percentage of straws infected at each distance from the SRC strip (m) 
Year Disease 1.5m 5m 17m 29m 41m 63m F prob SED 
1998 Fusarium spp. -3.414 -3.099 -2.906 -3.256 -4.516 -5.303 0.293 1.163 
3 4 5 3 1 0 
P. herpotrichoides -5.303 -5.303 -4.673 -4.673 -5.303 -4.516 0.676 0.672 
0 0 0 0 0 1 
1999 Fusarium spp. -2.274 -1.750 -2.065 -2.448 -2.048 -4.184 0.023 0.677 
9 14 11 7 11 1 
P. herpoirichoides -5.303 -4.673 -5.303 -4.673 -5.303 -5.303 0.443 0.460 
0 0 0 0 0 0 
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4.3.1.3 Wheat 
In 1998 there was a significant effect of distance on the percentage green leaf area 
on leaf 3 and the severity of S. tritici on leaves 3 and 4 of winter wheat (Table 6). A 
significantly lower percentage green leaf area (p = <0.001) was observed on leaf 3 at 
distances of 29m and over from the SRC strips (Table 6). On leaves 3 and 4, S. tritici was 
significantly (p = <0.001) more severe at distances of 29m and over. 
Table 6. Mean logit transformed percentage green leaf area (GLA) and percentage leaf 
coverage by S. tritici in winter wheat at GS 45 at distances from the SRC strips in 1998. 
Figures in italics are back-transformed means. Standard error of the difference (SED) at 
20df. 
Parameter Leaf layer 1.5m 
Percentage leaf coverage at distance from SRC strip (m) 
5m 17m 29m 41m 63m F prob SED 
GLA Flag leaf 5.303 5.303 5.303 5.303 5.303 5.303 - - 
100 100 100 100 100 100 
L2 4.712 4.692 4.416 4.234 4.264 4.406 0.237 0.238 
99 99 99 99 99 99 
L3 3.818 3.613 3.516 2.937 2.801 2.659 <0.001 0.236 
98 97 97 95 94 93 
L4 1.738 1.661 1.901 1.646 1.608 1.788 0.813 0.231 
85 84 87 84 83 86 
S. tritici Flag leaf -5.303 -5.303 -5.303 -5.303 -5.303 -5.303 -- 
0 0 0 0 0 0 
L2 -5.294 -5.294 -5.294 -5.294 -5.294 -5.294 -- 
0 0 0 0 0 0 
L3 -4.998 -4.757 -4.895 -4.053 -3.740 -3.716 <0.001 0.113 
0 0 0 1 2 2 
L4 -3.175 -2.893 -3.190 -2.061 -1.607 -1.622 <0.001 0.231 
4 5 3 11 16 16 
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In 1999 two fields of wheat were grown. In field A the variety Consort was grown, 
this variety is highly susceptible to S. tritici (NIAB 1999), whilst in field D the more 
resistant variety Hereward was grown. 
In winter wheat, in field A, there was a significant effect of distance on percentage 
green leaf area on leaves 2,3 and 4 and a significant effect on the severity of S. tritici on all 
leaf layers (Table 7). A significantly higher percentage (p < 0.001) of green leaf area was 
observed at 1.5m from the SRC strips on the leaf layers 2,3 and 4 than all other distances. 
The severity of S. tritici was significantly lower (p < 0.001) at 1.5m from the SRC strips 
than at all distances on all leaf layers (Table 7). 
In field D there were less significant effects of distance on foliar disease and 
senescence. Significantly less green leaf area (p = 0.023) was observed on leaf 4 at 5m 
from the SRC strip compared to other distances. The severity of S. tritici was significantly 
higher (p = 0.006) on leaf layer 2 at 41m compared to all other distances, however, this 
effect was extremely small (Table 7). 
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Table 7. Mean logit transformed percentage green leaf area (GLA) and percentage leaf 
coverage by S. tritici in winter wheat on Field A and Field D at GS 45 at distances from the 
SRC strips in 1999. Figures in italics are back-transformed means. Standard error of the 
difference (SED) at 20df. 
Parameter Leaf layer 1.5m 
Percentage leaf coverage at distance from SRC strip (m) 
5m 17m 29m 41m 63m F prob SED 
Field A 
GLA Flag leaf 4.970 4.129 4.481 4.577 4.377 4.729 0.315 0.600 
99 98 99 99 99 99 
L2 4.057 2.724 3.328 3.452 3.553 3.234 <0.001 0.202 
98 94 97 97 97 96 
L3 3.028 1.280 1.363 1.939 1.624 1.693 <0.001 0.321 
95 78 80 87 83 84 
L4 -0.223 -4.910 -3.779 -4.500 -4.088 -3.764 <0.001 0.582 
44 0 2 1 1 2 
S. tritici Flag leaf -5.207 -4.679 -5.097 -5.039 -4.862 -4.984 <0.001 0.070 
0 0 0 0 0 0 
L2 -4.567 -3.193 -3.827 -3.891 -4.010 -3.635 <0.001 0.180 
1 3 2 2 1 2 
L3 -3.601 -1.944 -1.803 -2.479 -2.277 -2.462 <0.001 0.329 
2 12 14 7 9 7 
L4 -1.315 -0.648 -0.885 -0.438 -0.433 -0.920 <0.001 0.192 
21 34 29 39 39 28 
Field D 
GLA Flag leaf 5.196 5.259 5.250 5.171 5.303 5.228 0.319 0.059 
99 99 99 99 100 99 
L2 4.531 4.179 4.156 4.523 4.452 4.019 0.343 0.282 
99 98 98 99 99 98 
L3 3.333 2.960 2.883 2.859 3.114 2.777 0.062 0.181 
97 95 95 95 96 94 
L4 1.224 0.135 1.458 1.483 1.591 1.282 0.023 0.389 
77 53 81 81 83 78 
S. tritici Flag leaf -5.303 -5.303 -5.303 -5.303 -5.303 -5.303 -- 
0 0 0 0 0 0 
L2 -5.303 -5.205 -5.164 -5.280 -4.949 -5.303 0.006 0.089 
0 0 0 0 0 0 
L3 -4.167 -4.130 -3.527 -4.052 -4.384 -4.192 0.781 0.587 
1 1 2 1 1 1 
L4 -1.980 -2.125 -2.255 -2.602 -2.268 -2.039 0.336 0.592 
12 10 9 6 9 11 
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In 1998, the incidence of stem-based diseases was similar at all distances from the 
SRC strips in winter wheat, except that significantly higher incidence (p =0.005) of 
Fusarium spp. was observed at 1.5m and 5m from the SRC compared to all other distances 
(Table 8). No significant effect of distance was found on the incidence of P. 
herpotrichoides and R. cerealis in 1998. 
In 1999, in both fields of wheat, no significant effects of distance were found on the 
incidence of stem-based diseases (Table 8). 
Table 8. The incidence of stem based diseases (logit transformed percent of straws) in 
winter wheat at GS45 at distances from the SRC strips in 1998 and 1999. Standard error of 
the difference (SED) at 20df. Back transformed means in italics. 
Percentage of straws infected at each distance from the SRC strip (m) 
Year Disease 1.5m 5m 17m 29m 41m 63m F prob SED 
1998 Fusarium spp. -2.433 -3.886 -4.673 -4.814 -5.303 -5.303 0.005 0.709 
8 2 0 0 0 0 
P. herpotrichoides -3.729 -1.856 -2.749 -2.627 -3.256 -2.469 0.676 1.152 
2 13 6 6 3 7 
R cerealfs -0.351 -2.643 -0.026 -0.704 -1.222 -1.662 0.166 1.020 
41 6 49 33 22 16 
Field A 
1999 Fusarium spp. -3.150 -1.719 -2.397 -2.937 -2.206 -1.852 0.788 1.174 
4 15 8 5 9 13 
P. herpotrichoides -3.729 -1.856 -2.749 -2.627 -3.256 -2.469 0.676 1.152 
2 13 6 6 3 7 
R cerealis -4.516 -4.814 -3.554 -4.410 -4.184 -3.397 0.541 0.867 
1 0 2 1 1 2 
Field D 
1999 Fusarium spp. -3.601 -3.747 -2.752 -2.955 -2.781 -2.461 0.322 0.645 
2 2 6 4 5 7 
P. herpotrichoides -4.530 -5.303 -4.326 -4.452 -4.651 -4.204 0.266 0.464 
1 0 1 1 0 1 
R cerealis -4.204 -3.701 -3.869 -3.239 -3.479 -3.861 0.851 0.764 
1 2 2 3 3 2 
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4.3.1.4 Disease development in winter wheat 
On 1 April 1999 there was no significant effect of distance from the SRC strips on 
the amount of S. tritici spores per tiller (on winter wheat grown in field A) as determined 
by the leaf washing technique (Table 9). 
Table 9. Mean number of S. tritici spores (square root transformed) per tiller as extracted 
using a spore washing techniques at GS30 in winter wheat (field A) in 1999 at distances 
from the SRC strips. Back-transformed means in italics. Standard error of the difference 
(SED) at 20df. 
Number of spores per tiller at each distance from SRC strip (m) 
1.5m 5m 17m 29m 41m 63m F Prob SED 
1.06E+03 1.25E+03 1.23E+03 1.10E+03 1.15E+03 1.06E+03 0.267 110.202 
1.12E+06 1.57E+06 1.52E+06 1.21E+06 1.33E+06 1.12E+06 
Disease progress and senescence curves were drawn using the data from the leaf 
tagging experiment (Figure 3). No effect of distance was observed, at any time, on disease 
severity or senescence on the flag leaf and leaves 5 and 6. However, the severity of S. tritici 
and amount of senescence, on leaf 2 and leaf 3, after 15 May, was much lower at 1.5m 
from the SRC strip compared to all other distances (Figure 3). 
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Figure 3. Mean percentage leaf senescence and leaf coverage by S. tritici on leaf 3 (A and 
B) and leaf 2 (C and D) observed in winter wheat (variety: Consort) at distances (m) 
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In all rain events there was much less rainfall collected at Im from the SRC strips 
than at other distances (Table 10). In the rainfall events on September 20 and 24, 
approximately 5mm less rain input occurred at lm than farther distances, whilst on 
September 30 and October 4,10-12mm less rainfall occurred at Im than at other distances. 
The amount of rainfall collected at distances of 3-18m from the SRC strips was similar in 
all rain events except on 4 September, when rainfall was lower (approximately 6mm) at 3m 
from the SRC strip than farther distances (Table 10). 
Table 10. Mean amounts of rainfall (mm) measured at distances from the SRC strips 1999. 
Date mm rainfall at distances from SRC strip (m) 
Im 3m 6m 12m 18m 
20-Sep 50.98 56.65 55.00 56.10 55.94 
24-Sep 15.87 20.72 21.38 20.72 20.45 
30-Sep 37.25 46.84 49.65 48.55 47.61 
4-Sep 12.73 17.80 24.19 24.08 24.03 
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4.3.2 Severity of winter bean diseases relative to SRC strips 
In 1998 the severity of winter bean diseases Uromyces viciafabae, Botrytis fabae 
and Aschochyta fabae were significantly different with distance on each leaf layer. 
However the effect was not consistent between leaf layers and the differences were very 
small, in general relating to a difference in severity of less than 1% (Tables 11-13). Major 
effects were seen on the severity of both Botrytisfabae and Aschochyta fabae on leaf layers 
7 and 8, where the severity of the disease was much greater at distances of 29m and over 
from the SRC strips. 
Table 11. Mean percentage of leaf area covered by Uromyces vicia fabae (logit 
transformed) in winter beans in 1998. Back-transformed means in italics. Standard error of 
the difference (SED) at 20df. 
Percentage leaf coverage at distance from SRC strip (m) 
Leaf layer 1.5m 5m 17m 29m 41m 63m F prob SED 
Leaf 1 -4.949 -4.750 -4.993 -4.676 -4.505 -4.771 0.151 0.187 
0 0 0 0 1 0 
L2 -5.215 -4.907 -5.037 -4.641 -4.771 -4.860 0.052 0.174 
0 0 0 0 0 0 
L3 -5.215 -5.126 -5.194 -4.526 -4.594 -4.816 <0.001 0.127 
0 0 0 1 1 0 
L4 -5.215 -5.126 -4.993 -4.560 -4.682 -4.816 <0.001 0.100 
0 0 0 1 0 0 
L5 -5.215 -5.082 -5.126 -4.599 -4.638 -4.771 <0.001 0.140 
0 0 0 1 0 0 
L6 -5.170 -5.215 -5.170 -4.628 -4.727 -4.727 <0.001 0.136 
0 0 0 0 0 0 
L7 -5.248 -5.303 -5.126 -4.512 -4.594 -4.682 <0.001 0.154 
0 0 0 1 1 0 
L8 -5.215 -5.126 -5.059 -4.824 -4.904 -4.727 0.004 0.120 
0 0 0 0 0 0 
82 
Table 12. Mean percentage of leaf area covered by Botrytisfabae (logit transformed) 
in winter beans in 1998. Back-transformed means in italics. Standard error of the 
difference (SED) at 20df. 
Leaf layer 1.5m 
Percentage leaf coverage at distance from SRC strip (m) 
5m 17m 29m 41m 63m F prob SED 
Leaf 1 -5.215 -5.126 -4.680 -4.756 -4.727 -5.037 0.038 0.190 
0 0 0 0 0 0 
L2 -5.082 -5.037 -4.575 -4.536 -4.638 -4.594 0.003 0.152 
0 0 1 1 0 1 
L3 -5.105 -4.795 -4.228 -4.208 -4.271 -4.581 0.003 0.226 
0 0 1 1 1 1 
L4 -4.729 -4.412 -3.961 -3.501 -3.573 -3.823 <0.001 0.212 
0 1 1 2 2 2 
L5 -4.716 -4.190 -3.913 -3.545 -3.672 -3.795 0.013 0.306 
0 1 1 2 2 2 
L6 -4.543 -4.061 -3.763 -3.580 -3.868 -3.773 0.030 0.269 
1 1 2 2 2 2 
L7 -4.519 -3.970 -3.462 -2.833 -3.061 -3.191 0.002 0.369 
1 1 3 5 4 3 
L8 -4.361 -3.752 -3.390 -2.422 -2.600 -2.677 <0.001 0.361 
1 2 3 8 6 6 
Table 13. Mean percentage of leaf area covered by Aschocyta fabae (logit 
transformed) in winter beans in 1998. Back-transformed means in italics. Standard 
error of the difference (SED) at 20df. 
Leaf layer 1.5m 
Percentage leaf coverage at distance from SRC strip (m) 
5m 17m 29m 41m 63m F prob SED 
Leaf 1 -5.303 -5.303 -5.215 -4.760 -4.771 -4.771 <0.001 0.130 
0 0 0 0 0 0 
L2 -5.259 -5.303 -5.170 -4.698 -4.771 -4.816 <0.001 0.121 
0 0 0 0 0 0 
L3 -5.194 -5.303 -5.303 -5.303 -5.303 -5.303 0.064 0.040 
0 0 0 0 0 0 
IA -5.140 -5.303 -5.259 -5.303 -5.303 -5.303 0.084 0.061 
0 0 0 0 0 0 
L5 -4.865 -5.303 -5.259 -5.303 -5.303 -5.303 0.002 0.106 
0 0 0 0 0 0 
L6 -4.440 -5.170 -4.873 -3.559 -3.649 -3.851 <0.001 0.266 
1 0 0 2 2 2 
L7 -4.397 -4.725 -4.346 -3.191 -3.463 -3.428 0.001 0.354 
1 0 1 3 3 3 
L8 -4.408 -4.742 -4.458 -2.998 -3.205 -3.246 <0.001 0.324 
1 0 1 4 3 3 
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In 1999 there were significant differences in winter bean disease severity with 
distance from the SRC strips. However, disease pressure was much lower in 1999 
compared to 1998 and no Aschochyta fabae was observed on the winter beans (Table 
14 and 15). 
The only major significant difference observed was an increased severity of 
Botrytis fabae, on leaf layers 7 and 8, at distances of less than 29m from the SRC 
strips (Table 15). 
Table 14. Mean percentage of leaf area covered by Uromyces vicia fabae (logit 
transformed) in winter beans in 1999. Back-transformed means in italics. Standard 
error of the difference (SED) at 20df. 
Percentage leaf coverage at distance from SRC strip (m) 
Leaf layer 1.5m 5m 17m 29m 41m 63m F prob SEI 
Leaf 1 -5.303 -5.303 -5.303 -5.303 -5.303 -5.303 - - 0 0 0 0 0 0 
L2 -5.303 -5.303 -5.303 -5.303 -5.303 -5.303 - - 0 0 0 0 0 0 
L3 -5.303 -5.303 -5.303 -5.303 -5.303 -5.303 - - 0 0 0 0 0 0 
L4 4.986 -5.151 -5.303 -5.267 -5.253 -5.303 <0.001 0 06 
0 0 0 0 0 0 
L5 -4.939 -4.909 -5.006 -5.104 -5.081 -5.014 0.374 0,101 
0 0 0 0 0 0 
L6 -4.846 -4.819 -4.903 -4.956 -5.081 -5.050 <0.001 0.054 
0 0 0 0 0 0 
L7 -4.795 -4.667 -4.903 -4.845 -5.181 -5.159 <0.001 0.076 
0 0 0 0 0 0 
L8 -4.720 -4.593 -4.839 -4.939 -5.100 -5.217 <0.001 0.067 
0 1 0 0 0 0 
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Table 15. Mean percentage of leaf area covered by Botrytis fabae (logit transformed) 
in winter beans in 1999. Back-transformed means in italics. Standard error of the 
difference (SED) at 20df. 
Percentage leaf coverage at distance from SRC strip (m) 
Leaf layer 1.5m 5m 17m 29m 41m 63m F prob SED 
Leaf 1 -5.092 -4.843 -4.950 -5.095 -4.903 -5.253 <0.001 0.070 
0 0 0 0 0 0 
L2 -4.726 -4.548 -4.405 -4.712 -4.316 -4.809 <0.001 0.088 
0 1 1 0 1 0 
L3 -4.217 -4.272 -4.079 -4.379 -4.209 -4.294 0.043 0.085 
1 1 1 1 1 1 
L4 -4.040 -3.962 -3.909 -4.124 -4.146 -4.173 0.001 0.056 
1 1 1 1 1 1 
L5 -3.684 -3.689 -3.703 -4.063 -4.142 -4.031 <0.001 
0.097 
2 2 2 1 1 1 
L6 -4.846 -4.819 -4.903 -4.956 -5.081 -5.050 <0.001 
0.054 
0 0 0 0 0 0 
L7 -3.129 -3.228 -3.270 -3.723 -3.796 -3.504 <0.001 
0.080 
4 3 3 2 2 2 
L8 -2.898 -3.005 -3.083 -3.513 -3.564 -3.268 <0.001 
0.084 
5 4 4 2 2 3 
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4.3.3 Severity of spring oilseed rape pod disease relative to SRC strips 
There was no significant effect of distance on the incidence of Erysiphe spp. 
and Alternaria spp. on the pods of spring oilseed rape in both 1997 and 1998 (Table 
16). 
Table 16. Mean percentage (logit transformed) of pods with Erysiphe spp. and 
Alternaria spp. (of severities >5%, 1-5% and <1%) in spring oilseed rape in 1997 and 
1998. Back-transformed means in italics. Standard error of the difference (SED) at 
20df. 
Year Disease 
Incidence of pod disease at distance from the SRC strip (m) 
1.5m 5m 17m 29m 41m 63m F prob 
I 
SED' 
1997 Erysiphe spp. -3.797 -3.099 -4.026 -2.116 -2.520 -2.605 0.494 LIZ) 
2 4 1 10 7 6 














7 11 9 5 5 16 
Alternaria spp. <1% -0.931 -1.141 -1.130 -0.514 -0.855 -1.150 0.518 0.31 ' 
28 24 24 37 29 24 
1998 Erysiphe spp. -1.515 -1.480 -1.712 -1.341 -2.218 -1.992 0.822 0.721-- 
18 18 IS 20 9 12 S 
Alternaria spp. >5% -2.714 -2.924 -2.434 -2.294 -2.434 -2.434 0.559 ' 0i( 
6 5 8 9 8 8 
Alternaria spp. 1-5% -2.040 -1.838 -0.515 -1.035 -0.861 -1.818 0.556 0.9S 
11 13 37 26 29 14 
Alternaria spp. <1% 0.452 0.250 0.332 0.330 0.328 0.047 0.835 0,29 
61 56 58 58 58 51 
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4.3.4 Slug activity and density 
4.3.4.1 Bait trapping 
The only species of slug trapped in the site was the grey field slug Deroceras 
reticulatum (Müller). 
The mean total number of slugs per trap varied between fields, however, total 
numbers of slugs on the experimental site were similar in 1997 (crop harvest year 1998) 
and 1998 (crop harvest year 1999) (Table 17). In both years the mean highest total number 
of slugs per trap were found in field B. In general more slugs were trapped in Field B and D 
than in the adjacent fields A and C (Table 17). 
Table 17. Mean total number of slugs per trap recorded per bait station in each field. 
Year Mean number of slugs per trap (25 traps per field) 
Field A Field B Field C Field D Total 
1997 35 53 34 44 166 
1998 39 67 20 38 164 
Total 74 120 54 82 330 
In both years there was considerable variation between sampling occasion and 
individual traps, therefore the mean total number of slugs per trap at each distance, in each 
transect, was the chosen measure of slug activity-density in relation to the SRC strips. 
In 1997, significantly (p < 0.01) more slugs were trapped in the SRC strips and at 
lm from the strips than at distances further into fields A, B and C (Table 18). In field D the 
effect of distance from the SRC strips was not significant. 
In 1998 there was no significant effect of distance in fields A, B and D however, in 
field C there was a significantly (p<0.001) higher number of slugs trapped in the SRC and 
at lm into the field than at other distances (Table 18). 
The data also showed that there was a large increase in slug numbers after oilseed 
rape (Table 18). 
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Table 18. Mean total number (square root transformed) of slugs trapped within and at 
distances from the SRC strips in 1997 and 1998. Back-transformed means in italics. 
Standard error of the difference (SED) at 16 df. 
Year Field Crop 
Total number of slugs per trap at distances from SRC strips (m) 
Centre of Im 5m 18m 30m 
Strip 
F prob SED 
1997* A winter beans 7.5 6.1 4.8 5.4 5.3 <0.001 0.203 
57 37 23 29 28 
B winter oats 9.5 7.7 6.3 6.1 6.1 <0.001 0.150 
91 60 39 38 38 
C winter wheat 7.2 5.9 5.2 5.3 5.2 0.003 0.476 
52 35 27 28 27 
D spring rape 7.3 6.6 6.5 6.2 6.4 0.543 0.671 
(fallow) 53 43 42 38 41 
1998* A winter wheat 6.4 6.0 6.4 6.1 6.5 0.522 0.322 
41 36 41 37 42 
B winter beans 5.2 5.0 4.3 4.1 4.2 0.130 0.480 
27 25 18 17 18 
C winter oats 7.4 6.6 5.3 5.5 5.7 <0.001 0.347 
55 44 28 30 32 
D winter wheat 6.9 8.0 8.7 8.7 8.3 0.052 0.624 
47 64 76 76 69 
* 1997 = harvest year 1998 and 1998 = harvest year 1999 
4.3.4.2 Soil extraction 
In 1998, soil extraction of slugs found that the pattern of activity-density (as 
measured using the baited trap method) differed from the pattern of density. The extraction 
indicated low numbers of slugs in the SRC strips in fields A-C compared to distances into 
the crop. These data show that, on average, a higher density of slugs occurred in the 
cropped area compared to the adjacent SRC strips (Table 19). 
Table 19. Number of slugs per m2 extracted from soil samples using a slow flooding 
technique at distances from and within the SRC strips in November 1998. 
Total no of slugs extracted at distances from SRC strip (m) 
SRC Strip lm 5m 17m 29m 
Field A 0 888 4 
Field B 4 36 20 12 8 
Field C 0 12 48 12 
Field D 20 0 16 16 8 
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4.3.5 Orange blossom midges (Sitodiplosis mosellana) 
The effect of distance from the SRC strips on the number of trapped orange 
blossom midges, in winter wheat, was not significant on any of the sampling dates in 1999 
(Table 20). 
Table 20. Mean number of orange blossom midges (Sitodiplosis mosellana) trapped 
(square root transformed) on yellow stick traps at distances from the SRC strips in winter 
wheat (field A) in 1999. Back-transformed means in italics. Standard error of the difference 
(SED) at 12df. 
Date 
Number of individuals at each distance from SRC strip (m) 
lm 5m 17m 29m F prob SED 
16-Jun-99 2.06 1.63 1.38 1.80 0.714 0.519 
4.24 2.66 1.89 3.26 
17-Jun-99 1.23 1.83 1.43 0.60 0.139 0.422 
1.51 3.35 2.04 0.36 
18-Jun-99 1.11 1.3 5 1.5 5 1.35 0.902 0.501 
1.24 1.81 2.39 1.81 
4.3.6 Pollen beetles (Meligethes spp. ) 
On the single occasion that large numbers of pollen beetle were observed and 
monitored in spring oilseed rape, there was no significant effect of distance on the number 
of beetles per plant (Table 21). 
Table 21. Mean number (square root transformed) of pollen beetles (Meligethes spp. ) 
observed per spring oilseed rape plant in May 1998. Back-transformed mean in italics. 
Standard error of the difference (SED) at 20df. 
No. of beetles per plant at distances from the SRC strip (m) 
Im 5m 17m 29m 41m 63m F Prob SED 
3.22 3.63 3.29 3.35 3.49 3.39 0.410 0.433 
10.37 13.18 10.82 11.22 12.18 11.49 
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4.3.7 Insect pests in suction samples 
There was only one significant difference between the paired transects used to 
monitor insect pests in suction samples. In general, there were no significant differences 
between the two transects for any pest group in any year (Table 22). 
Table 22. A comparison of the number of Aphididae, Cercopidae and Jassidae and 
Cecidomyiidae between each of the paired transects in each field in 1997-1999. * (p =0.05) 







Aphididae 0.02 ns 0.08 ns 4.13 ns 0.84 ns 1.17 ns 0.69 ns 
Cercopidae 2.23 ns 0.58 ns 13.47 * 0.31 ns 0.95 ns 4.91 ns 
Cecidomyiidae 0.09 ns 0.11 ns 5.61 ns 0.66 ns 3.36 ns 0.10 ns 
The total catches of each group per field showed that there was considerable 
variation between fields (including crops) and years (Table 23). In 1997, spring barley 
contained more individuals of each taxon than the winter barley. In 1998 and 1999 winter 
oats were found to have more Aphididae and Cercopidae and Jassidae individuals than 
winter wheat. Cecidomyiidae were found in higher numbers in the winter wheat than in 
winter oats (Table 23). 
Table 23. The total number of individuals of taxa: Aphididae (cereal aphids), Cercopidae 
and Jassidae (plant-hoppers) and Cecidomyiidae (cereal blossom midge larvae) found in D- 
vac suction samples in each field from 1997-1999. Total area of 8m2 sampled per field. 
Total number of individuals found 
Year Crop Field Aphididae Cercopidae and Jassidae Cecidomyiidae 
1997 Spring barley A 207 407 80 
Winter barley c 90 186 53 
1998 Winter oats B 1053 
Winter wheat c 378 
341 304 
92 331 
1999 Winter wheat A 324 128 71 
Winter oats c 3010 190 1 
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The pattern of insect pest density (as sampled by a D-vac suction sampler), relative 
to the SRC strips, was different between fields and years. 
In 1997, lower densities of Aphididae and Cercopidae plus Jassidae were found at 
Im and 6m from the SRC strip compared to other distances. In contrast, the number of 
Cecidomyiidae was highest at lm from the SRC strip than further into the arable area 
(Figure 4). 
In 1998, the patterns of density were opposite between the two fields and between 
the groups. In field B, the density of Aphididae increased with distance from the SRC 
strips, whilst Cercopidae and Jassidae and Cecidomyiidae were found at the highest density 
at lm from the SRC strip. In field C there was little difference in the density of Aphididae 
between the distances, whilst Cercopidae and Jassidae and Cecidomyiidae were found in 
the lowest density at lm from the SRC strips (Figure 4). 
In 1999, the distance effects were contrasting between the fields. In field A there 
was a much higher density of Aphididae at lm from the SRC strip than at all other 
distances, whilst in field C there was a lower density at 5m compared to other distances. 
Cercopidae and Jassidae were found at a lower density adjacent to the SRC strips in both 
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Figure 4. Mean number of Aphididae (a), Cercopidae and Jassidae (b) and Cecidomyiidae 
(c) caught in suction samples at distances from the SRC strips in 1997-1998. 
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4.3.8 Weed distribution and abundance 
A range of common arable and grass weeds were found across the experimental site 
in the two years of monitoring (Table 24). 
Table 24. Weed species found on the experimental site in 1998 and 1999. 
Dicotyledonous weed species 
Capsella bursa-pastoris Taraxacum spp. 
Chenopodium album Trifolium dubium 
Cirsium arvense Trifolium repens 
Epilobium adenocaulon Urtica dioica 
Galium aparine Viola arvensis 
Geranium dissectum Grass weed species 
Lamium amplexicaule Alopecurus mysuroides 
Matricaria spp. Avenafatua 
Myosotis arvensis Bromus sterilis 
Papaver rhoeas Elymus repens 
Plantago major Festuca spp. 
Polygonum aviculare Lolium perenne 
Ranunculus repens Poa annua 
Senecio vulgaris Poa trivialis 
Sonchus asper Shrubs/trees 
Stellaria media Fraxinus excelsior 
Urtica urens Hedera helix 
Veronica persica Castanea sativa 
Rubusfruticosus 
The density of both dicotyledonous and grass weeds varied with field/crop. In 
general, higher weed densities were found in the broad-leaved crops (winter beans and 
spring oilseed rape) as opposed to the cereal crops (Table 25). A field effect was also 
apparent. Fields C and D had higher weed densities and higher mean percentage weed 
cover than fields A and B (Table 25). 
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Table 25. Mean density of dicotyledonous weeds, grass weeds, ground cover and species 
richness in each of the fields in 1998 and 1999. 
Units 1998 1999 
Field A 
Crop Winter Beans Winter wheat 
Dicotyledons m2 10.2 7.4 
Grass m2 3.6 1.5 
Ground cover % 1.4 1.2 
Species richness number 21 18 
Field B 
Crop Winter Oats Winter Beans 
Dicotyledons m2 6.8 5.9 
Grass m2 6.7 24.7 
Ground cover % 2.1 6.7 
Species richness number 18 18 
Field C 
Crop Winter Wheat Winter Oats 
Dicotyledons m2 13.8 9.0 
Grass m2 7.3 12.6 
Ground cover % 3.9 5.5 
Species richness number 24 21 
Field D 
Crop Spring Oilseed Rape Winter Wheat 
Dicotyledons m2 43.4 11.9 
Grass m2 32.4 30.7 
Ground cover % 8.3 2.2 
Species richness number 23 21 
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Significant effects of distance from the SRC strips/location on the density of 
dicotyledonous weeds, grass weeds and ground cover were found in both years. However, 
the effects were often not consistent between years or fields. 
4.3.8.1 Dicotyledonous Weeds 
In 1998, there was a significantly higher density of dicotyledonous weeds in the 
centre of the SRC strips and dividing strip than at other locations in all fields A (p= 0.02), 
B (p<0.001) and C (p=0.012) (Table 26). There was no significant effect of distance on 
dicotyledonous weed density in field D. 
In 1999 significant effects of distance/location were observed in all fields A 
(p<0.001), B (p=0.001) and D (p=0.005). In field A, the significant difference was due to a 
higher weed density in the SRC, whilst field B there was a significantly higher density in 
the dividing strip. In field D, a significantly higher weed density was found at the both the 
SRC strip and dividing strip than the arable areas (Table 26). 
4.3.8.2 Grass weeds 
In 1998, the density of grass weeds was significantly different between locations in 
fields C (p=0.011) and D (p<0.001). In field C there was a higher density of weeds at 17m 
from the SRC strip than at all other distances/locations. In field D the effect was mainly 
due to a much lower density of grass weeds within the SRC strip than at all other 
distances/locations (Table 26). 
In 1999, significant effect of distance/location were found in fields A (p=0.004), B 
(p<0.001) and D (p<0.001). In fields A and D there was a significantly higher density of 
grass weeds at the dividing strip than at all other locations/distances. In field Ba 
significantly higher grass weed density was found at both the dividing strip and 1.5m from 
the SRC strip than at all other distances/locations (Table 26). 
4.3.8.3 Percentage ground cover by weeds 
In 1998, the effect of distance from the SRC strip/location on the percentage ground 
cover by weeds ground cover was significant in field A (p<0.001), B (p=0.016) and C 
(p=0.001). In these fields significantly higher percentage weed coverage was found within 
the SRC strips than at all other distances/locations (Table 26). 
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In 1999, significant effects on distance location were observed in all fields (Table 
26. In fields B (p<0.001), C (p=0.004) and D (p=0.005) there was significantly higher weed 
coverage at the dividing strip than at all other distances/locations. In field A (p<0.001) 
there was a higher percentage weed cover under the SRC strip and at the dividing strip than 
at all distances into the arable area (Table 26). 
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Table 26. Mean number (square root transformed) of dicotyledonous weeds and grass 
weeds and total percentage ground cover (angular transformed) by weeds at locations 
within and at distances from the SRC strips in 1998 and 1999. SRC was the mean of 
sample squares located in the centre of the 12m SRC strip; DS was the mean of sample 
squares located in the dividing strip (1.25m wide) between the outer row of SRC and the 
cultivated and planted arable crop area (see Chapter 1, Figure 2). Standard error of the 




Number of individuals or ground coverage perm at 
each location or distance from the SRC strip 
SRC DS 1.5m 5m 17m F Prob SED 
Dicotyledonous weeds 1998 3.35 3.94 1.05 2.37 3.23 0.020 0.797 
11.2 15.5 1.1 5.6 10.4 
1999 4.46 1.79 0.77 0.38 2.63 <0.001 0.716 
19.9 3.2 0.6 0.1 6.9 
Grass weeds 1998 0.93 1.15 1.31 0.54 2.42 0.387 0.946 
0.9 1.3 1.7 0.3 5.9 
1999 0.38 1.98 0.54 0.00 0.00 0.004 0.477 
0.1 3.9 0.3 0.0 0.0 
Percentage ground cover by 1998 -3.39 -4.09 -4.64 -4.27 -4.01 <0.001 0.213 
weeds 3 1 0 1 1 
1999 -3.40 -3.74 -5.10 -5.20 -4.72 <0.001 0.285 




Number of individuals or ground coverage perm at 
each location or distance from the SRC strip 
SRC DS 1.5m 5m 17m F Prob SED 
Dicotyledonous species 1998 4.66 1.70 0.00 1.09 0.77 <0.001 0.745 
21.7 2.9 0.0 1.2 0.6 
1999 0.38 4.26 0.00 0.86 2.21 0.001 0.815 
0.1 18.1 0.0 0.7 4.9 
Grass species 1998 0.38 1.44 1.63 2.80 1.60 0.266 1.010 
0.1 2.1 2.7 7.8 2.6 
1999 0.00 9.14 5.09 0.86 1.31 <0.001 1.121 
0.0 83.6 25.9 0.7 1.7 
Percentage ground cover by 1998 -3.04 -4.36 -4.77 -4.38 -4.73 0.016 0.489 
weeds 4 1 0 1 0 
1999 -3.30 -1.18 -3.76 -4.86 -4.77 <0.001 0.497 





Number of individuals or ground coverage perm at 
each location or distance from the SRC strip 
SRC DS 1.5m 5m 17m F Prob SED 
Dicotyledonous species 1998 5.47 4.13 0.38 1.70 1.47 0.012 1.383 
29.9 17.1 0.1 2.9 2.2 
1999 2.49 3.05 0.93 0.38 1.70 0.423 1.526 
6.2 9.3 0.9 0.1 2.9 
Grass species 1998 1.54 1.31 0.38 2.46 4.14 0.011 0.935 
2.4 1.7 0.1 6.0 17.1 
1999 0.38 2.82 1.25 1.86 4.36 0.260 1.788 
0.1 7.9 1.6 3.5 19.0 
Percentage ground cover by 1998 -2.39 -3.61 -5.13 -4.09 -4.03 0.001 0.512 
weeds 8 2 0 1 1 
1999 -2.88 -2.02 -4.01 -4.64 -4.11 0.004 0.617 




Number of individuals or ground coverage per mat 
each location or distance from the SRC strip 
SRC DS 1.5m 5m 17m F Prob SED 
Dicotyledonous species 1998 7.13 4.24 7.01 5.68 6.27 0.311 1.456 
50.8 18.0 49.1 32.2 39.4 
1999 3.47 5.27 0.93 0.00 0.00 0.005 1.394 
12.1 27.8 0.9 0.0 0.0 
Grass species 1998 0.38 3.94 5.38 6.75 7.06 <0.001 1.046 
0.1 15.5 28.9 45.6 49.8 
1999 0.00 9.41 3.80 4.87 3.79 <0.001 1.132 
0.0 88.6 14.5 23.7 14.4 
Percentage ground cover by 1998 -1.85 -3.80 -3.95 -3.58 -3.87 0.144 0.884 
weeds 13 2 1 2 2 
1999 -4.13 -2.87 -4.46 -3.95 -4.28 0.005 0.374 
1 5 1 1 1 
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4.4 Conclusions 
A wide range of factors that adversely affect crop production were examined in 
relation to the SRC strips to identify any specific agronomic problems associated with the 
novel agroforestry system. However effects observed were often small and lack of 
geographic replication / constraints of the experimental design make differences that were 
detected hard to interpret. 
A major component of the agronomic investigation was the spatial monitoring of 
plant disease severity relative to the SRC strips. Tropical agroforestry studies tend to report 
strong, positive microclimatic effects on the adjacent crop and this is often the major 
reason for the adoption of agroforestry systems (Michels, Lamers and Buerkerts, 1998). 
Microclimatic factors, such as temperature, duration of leaf wetness and humidity, also 
have a major influence on plant disease epidemics (Agrios, 1997). Hence it was expected 
that the SRC strips would result in a spatial effect on crop disease. 
The impact of the SRC strips on the severity of barley disease was only examined in 
year 1, when the willows were establishing, creating only a short (less than 2m) and 
possibly quite porous barrier. Disease severity in winter barley was similar at all distances 
from the SRC suggesting no effect of the agroforestry system. In spring barley a number of 
differences were detected however the differences observed were small and the observation 
of lower green leaf area at 41m probably arose from underlying differences in soil type on 
the site. 
Winter oats were grown in the second and third year of the agroforestry system and 
the establishing strips (2-6m in height) would have offered shelter to the adjacent crop 
areas, however, no effects on the severity of foliar disease and green leaf area were 
observed, suggesting that any microclimatic effects caused by the agroforestry system did 
not, to any great extent, affect foliar diseases in this crop. The significantly lower 
incidence of the stem-based disease Fusarium spp. at 63m from the SRC strip observed in 
1999 only was thought to have been caused by a factor other than the SRC strip, such as a 
random focus of disease, on the basis that there was no apparent trend in the data 
suggesting that the agroforestry system was responsible for this effect. 
Winter wheat was also grown in year 2 and 3 of the system and was grown in two 
fields, with a different variety in each in 1999, allowing a large data set to be generated. In 
1998, the significant effects observed on leaf 3 and 4 showed that at distances of less than 
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29m from the SRC strip there was a higher GLA and lower severity of S. tritici. The lack of 
effect on the flag leaf and leaf 2 probably relates to the fungicide regime used to protect 
these leaves from disease (see Appendix 1) and leaf 4 was highly senesced and diseased at 
this growth stage. The data in this year suggested the agroforestry system was having a 
significant impact on foliar disease in winter wheat by causing a reduction in disease at 
distances of up to and including 29m from the strip. In 1999, this trend was not apparent. In 
field A there was a localised reduction in disease and higher GLA, on leaves 2,3 and 4, at 
1.5m suggesting a much more localised beneficial impact of the agroforestry system, whilst 
in field D significant effects appeared unrelated to the presence of the SRC strips. The 
difference between the two years probably relates to changes in the height and structure of 
the SRC strips. However, the lack of a common spatial trend in disease severity between 
the two fields of wheat grown in 1999 was thought to relate to the observations in field A 
being made leeward of the SRC strip (as they were in 1998), whilst in field D observations 
were made windward of the SRC strip. Varietal differences in resistance to S. tritici may 
have also accounted for the lack of a common trend in 1999, Consort is rated by NIAB 
(1999) as having a resistance rating of 4 whilst Hereward is rated as 6 (1 highly resistant-9 
highly susceptible). The localised increase in the incidence of the stem-based disease 
Fusarium spp., observed in winter wheat in 1998, may have resulted from a microclimatic 
effect of the agroforestry system on the adjacent crop. However, the absence of any effect 
in 1999 suggests that this may have been either a temporal system effect or occurred 
because of a factor unrelated to the agroforestry system. 
The localised reduction in disease severity in winter wheat thought to be caused by 
agroforestry system in 1998, prompted an in depth investigation in the following year to 
identify any underlying mechanisms. The factors that affect epidemics of S. tritici have 
been well researched and understood (Shaw and Royle, 1993). The amount of inoculum at 
the beginning of stem extension has been shown to be a good predictor of how great 
disease pressure would be in the later growth stages of wheat (Lovell et al. 1997). It was 
hypothesised that a possible cause for the localised reduction in disease observed in 1998, 
was an effect of the SRC strip on either inoculum production (i. e. a microclimatic effect) or 
an effect on ascospore deposition (airborne ascospores cause primary infection of the 
wheat/crop in autum/winter, which then produce inoculum for further disease 
development). However, investigations in 1999 found a similar amount of inoculum at all 
distances from the SRC strip, showing that this factor was not responsible for the 
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observation at GS 45. The monitoring of disease on tagged leaves in 1999 revealed that 
disease severity was similar on all leaves at all distances until 15 May. After this time, on 
leaves 2 and 3, disease was less severe (and senescence less) on wheat plants at 1.5m from 
the SRC strip. This localised reduction, although different to that observed in 1998, 
indicated that disease progressed more slowly at 1.5m from the strips of SRC. The S. tritici 
pathosystem requires rain-splash to transport asexual conidia on to the upper leaves of the 
wheat plant. Studies with rains simulators have demonstrated the importance of rain-splash 
in disease development (Shaw, 1987). This led to the hypothesis that the strips of SRC 
were intercepting the driving rain, thereby sheltering the adjacent crop area from rain 
splash and hence reducing opportunities for disease development. Measurement of rain 
input showed that the SRC strips did intercept significant quantities of rain and thus it was 
felt that this was the underlying mechanism behind the reductions in disease severity seen 
in 1998 and 1999. The detailed observations were all made in wheat grown leeward of the 
SRC strip and the noted lack of this effect observed on disease severity at GS45 in the 
wheat grown windward of the SRC strip suggested that this effect only occurs leeward of 
the SRC strip. 
Winter beans were grown in both 1998 and 1999 (leeward and windward 
respectively). A common observation made in the two years was a lack of impact on the 
severity of the bean rust pathogen, Uromyces fabae. However the results suggested an 
impact of the system on two field bean pathogens. In 1998, on the lower leaves (7 and 8), 
infection by the pathogens Botrytis fabae and Ascochyta fabae was significantly less at 
distances of 29m and under suggesting the SRC strips were causing a localised reduction in 
foliar disease (as seen in the winter wheat in this year). In 1999 the effect, on Botrytis 
fabae, was reversed with increased disease at 29m and under. The differences between the 
years strongly suggest that the direction of the crops relative to the SRC strips had an 
impact and that this was most probably microclimatic. The underlying mechanism behind 
the reductions/increases requires further specific experimentation and a fuller 
understanding of how microclimatic factors effect disease development. 
The results showed no effect of the agroforestry system on the pod diseases 
Alternaria and Erysiphe spp. in spring oilseed rape in the first two years of the system. 
Interestingly in 1997 the crop was leeward of the SRC strips and windward in 1998. If 
spring oilseed rape had been grown leeward of the strip in 1999 there may have been some 
effects. 
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Overall the disease monitoring found that impacts on disease were generally small. 
Pathogens of winter oats and oilseed rape, from our limited observations, were unaffected 
but effects on wheat and bean diseases were observed indicating that disease is affected by 
the system but that the direction of the crop relative to the SRC strip has a strong bearing 
on the likely effects. The investigations in disease development in winter wheat revealed 
that the SRC strips intercept rain and that this can limit disease development. It would be 
expected that other pathogens that require rain splash to disperse inoculum, such as R. 
secalis in barley, would be affected in a similar way. 
D. reticulatum has been identified as the most important slug pest species in an 
other experimental silvoarable system (Griffiths et al. 1998). The lack of Arion spp. in the 
experiment was suggested to arise because the central area of the trial, used for slug 
monitoring, was, until the agroforestry system was planted, a relatively dry and high 
disturbance habitat, to which Arion spp. are less well adapted (South, 1982). 
Differences between fields in total trapped slug numbers were thought to have 
occurred because of different cropping history and variation in soil type. Field B and areas 
of field D contained large areas of clay topsoil compared to the more loamy free draining 
field areas in the rest of the experiment (Chapter 2, Figure 3), this may have favoured slugs. 
The observed trend of increasing slug numbers after oilseed rape observed has also been 
reported in studies of slug populations in farming systems (Glen and Wiltshire, 1992) and 
is attributed to the closed canopy of the crop providing a habitat suitable for slug 
reproduction and survival. 
The pattern of high slug activity-density found within the SRC strips in autumn 
1997, was thought to occur because the SRC strips were uncultivated and there was a high 
percentage of vegetative cover by weeds. Griffith et al. (1998) observed a similar slug 
pattern in an experimental silvoarable system using high quality timber trees and suggested 
high numbers of slugs were found adjacent to the trees because of the weedy cover 
occurring in the tree rows providing shelter and food for slugs. Cultivation, especially 
ploughing, is recognised as an important cause of slug mortality (Port and Port, 1986) and 
the lack of ploughing/cultivation under the SRC strips may have favoured slugs. However 
non-inversion tillage (as used in the experiment) can favour slug populations (Kendall at 
al. 1995). 
Slug numbers were found at similar numbers both within and at all distances from 
the SRC strip in autumn 1998. This may have occurred because vegetative cover in the 
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SRC strips had declined and thus the habitat was less favourable in terms of provision of 
food sources or shelter. It is also possible that the non-inversion tillage had resulted in the 
cropped area becoming as favourable as the SRC strips. 
The lack of correlation between numbers of slugs captured using bait trapping 
(activity density) and soil extraction (density) may be due to the soil extraction being a 
single sampling occasion, in contrast the bait trapping took place over a number of weeks. 
Alternatively it may have occurred because bait trapping can vary because of a number of 
factors. The number of slugs caught in a bait trap is likely to have been affected by 
variables such as vegetation structure and soil structure. These variables would have been 
greatly different between the SRC strips and arable fields and this may account for some of 
the patterns seen in the data. 
Insect activity is mainly affected by temperature, windspeed and direction, rainfall, shelter 
and food (Lewis, 1969; Taylor, 1974). Peng et al. (1994) caught more insect individuals in 
the production hedges and arable alleys than in the open field controls in an experimental 
silvoarable system. No significant spatial patterns were observed relative to the SRC strips 
when monitoring of blossom midges using traps and pollen beetles in oilseed rape, 
suggesting that the SRC strips were not affecting the distribution of these pests. 
The suction sampling used to monitor populations of Aphididae, Cercopidae and Jassidae 
and Cecidomyiidae found that the abundance of these pests varied between years. The 
variation was thought to have occurred because of variation in weather between years 
(Chapter 2). The lack of difference between the catches from the two transects in each field 
suggested that a single transect probably would have been sufficient for monitoring each 
field. The spatial pattern of density of these groups of pests relative to the SRC strips was 
not consistent between years and between crops. The only effect that was of concern was 
the observation of higher numbers of Aphididae at 1.5m from the SRC strips in 1999. 
Lewis (1974) found that although windbreaks increase blossom-visiting fauna they can 
increase the numbers of aphids in areas immediately adjacent to the windbreak. However 
this effect seen of Aphididae was small and not consistent between fields. Overall the data 
strongly suggests that it is unlikely that the SRC strips would increase insect pest problems 
in the adjacent crop. 
The weed populations varied between crops in the experiment, this was expected due to the 
differing selectivity of the herbicides used in each of the crops (Appendix 1). The 
differences between the fields were attributed to the different crop histories and also the 
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effect of previous weed experiments within the fields (which involved the introduction of 
weed seed to discrete plots). The higher densities of dicotyledonous weeds observed in the 
SRC strips, in the second year of the experiment, was thought to have occurred because 
control of weeds in the SRC strips was less effective than the herbicide treatments in the 
arable crops and that the strips were not undergoing the annual cultivation that arable crop 
areas were. The reduction in weed density in the SRC strip between 1998 and 1999 
occurred because the SRC was increasing in size and thus out-competing any understorey 
vegetation. The apparent increase in both weed types at the 1.25m dividing strip between 
the SRC and the arable crops indicates that this area can be colonised by weeds, i. e. light 
and water levels were sufficient. The lack of any gradient in weed density/percentage 
ground cover between the immediately adjacent crop area and farther into the open field 
suggests that in the early stages the strips of SRC do not increase weed problems in the 
adjacent crop. However, in 1999 the colonisation of the dividing strip by perennial grass 
weeds, such as Elymus repens, indicated that, in the future, the strips may become a source 
of weeds in the adjacent arable crop. 
In summary, the initial effects of the SRC strips (occurring in first three years) on the 
adjacent arable crops, as managed under an integrated regime (Appendix 1), were: 
1. Minor effects of the SRC strips on the severity/ incidence of crop diseases. The 
effects were generally small and the most significant effects were localised 
reductions in crop diseases that require rain splash for epidemic development. The 
impact of the strips on disease appeared to be strongly related to aspect. This needs 
further experimentation to quantify this effect. It is important to recognise that these 
observations were made on crops were crop protection by fungicides was carried 
out. In the absence of this control there may be a much greater impact of the system. 
2. An increase in the activity/density of the slug species D. reticulatum under the SRC 
strips and in the adjacent arable crop area when in the first winter of the system. 
3. Insect pests of arable crops were generally unaffected by the system in the first three 
years. 
4. The SRC strips in the first three years, although containing weeds themselves, did 
not create weed problems in the adjacent crop under the weed control programme 
used (Appendix 1). However, the colonisation of the dividing strip by grass species 
is indicative of spread potential. 
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It was recognised that these findings were observed in crops on which judicious 
applications of herbicides, fungicides and insecticides were made. However these inputs 
were decided upon from observations made in the central area of the experiment and 
represent levels of input lower than those used by the majority of arable crop producers. 
Hence the interpretation of the above findings is that effects on pests, weeds and diseases 
did not appear to be enhanced or reduced by the SRC strips under this regime, the response 
of these elements under an organic arable crop system may therefore be entirely different 
and the findings should not be extended to such systems. 
Relating these findings to the yield and yield components data (Chapter 3) would 
suggest that the patterns of yield response seen (mainly the localised reduction in crop yield 
in 1999) was most likely to have occurred because of competition between the SRC strips 
and the adjacent crop as opposed to yield reductions because of enhanced disease severity, 
pest damage or crop-weed competition. Furthermore the reductions of S. tritici severity 
adjacent to the SRC strips may have helped reduce the extent of yield loss. The one pest 
that may, occasionally, be enhanced by the agroforestry system is the field slug (D. 
reticulatum) in causing reduced establishment of oilseed rape in areas adjacent to the SRC 
strips. 
The experimental design and variation in weather between the years may have masked 
some effects that may have occurred, but in general it was felt that the impacts of the 
system on pest, weed and disease parameters have been sufficiently monitored to 
substantiate the finding that the agroforestry system is neither enhancing or reducing 
problems in the adjacent crop therefore the integrated crop management system used did 
need not be adjusted for this agroforestry system. 
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Chapter 5. 
Monitoring of beneficial arthropods in and adjacent to the short rotation 
coppice strips 
5.1 Introduction 
Semi-natural habitats in the agricultural landscape, such as hedgerows, provide a 
diverse flora and habitat that can support, or provide refugia, for a diverse arthropod fauna 
(Pollard, 1968). Many of the species of arthropod found in these habitats are beneficial as 
natural control agents of crop pests (Sotherton, 1984). In recent decades these habitats have 
been progressively lost in UK farmland, as large field sizes are favoured for efficient use of 
machinery. The loss of these habitats and associated arthropod fauna may reduce the 
natural regulation of crop pests, thus the possibility of greater dependence on insecticides. 
Many of the beneficial arthropods are also important prey of farmland birds. The decline in 
farmland birds is partly attributed to the reduced availability of invertebrate food within 
crops (Aebisher, 1991). 
There has, in the past ten years, been an increasing interest in developing farming 
systems that encourage beneficial arthropods in cropped areas to reduce protection costs 
and offer a sustainable and ecologically acceptable production system (Jordan and 
Hutcheon, 1995). The research has generally focused on examining the ecological 
consequences of different tillage systems and reduced pesticide use. However, these 
studies generally conclude that there are no long-term or irreversible effects of either 
intensive tillage or pesticide use (Green, et al. 1995). As a result there is a focus on 
structural elements in the field and farm structure that could be manipulated to enhance the 
populations of natural regulatory elements. Many of the UK agri-environment schemes 
promote increasing the amount of semi-natural habitat in arable ecosystems by providing 
grant aid for hedge planting and creation of grass field margins. 
Agroforestry systems, through enhanced species diversity and structural diversity, 
add complexity to agroecosystems, and in turn provide new opportunities for wildlife that 
do not occur in mono-cultural systems (Gordon, Newman and Williams, 1997). Dix (1991) 
reported that pine windbreaks near Nebraska harboured numerous predators and Landis 
and Hans (1992) found that the European corn borer (Ostrinia nubilalis) parasitoids were 
significantly more common near wooded field edges than non-wooded edges or field 
interiors. A study of a silvoarable agroforestry, comprising of furniture timber trees and 
109 
arable crops, reported an increase in the number of arable crop pest enemies in the area 
adjacent to the timber trees (Peng et al. 1993). 
The aforementioned studies indicate that, in general, agroforestry systems can 
enhance the diversity and possibly density of beneficial arthropods. However, the proposed 
combined food and energy system uses SRC as the tree component and is significantly 
different from classic silvoarable systems which usually involve a single row of trees that 
take at least 10 years until harvest. However, SRC has been shown to be a valuable habitat. 
A study on the wildlife value and game potential of SRC plantations indicated that the crop 
offers considerable benefit to songbirds and provides cover for pheasants (Phasianus 
colchicus)(Sage and Robertson, 1994). A comparison between poplar SRC plantations and 
adjacent open fields reported an increase in predatory harvestmen (Opilionida) in the SRC 
but a decrease in the number of trapped Carabidae (Makeschin, 1994). This study, 
conducted in Abbachhof, Germany also found an increase in carabid diversity in the SRC, 
assuming that the lower dominance of certain species may have allowed other less 
common species to increase in numbers. Willows (Salix spp. ), the tree species used in the 
experiment, are reported to support a very high insect abundance (Kennedy and 
Southwood, 1994). 
The objective of this study was to identify the ecological consequences of the 
combined food and energy system on the spatial and temporal abundance of arthropod 
species that are known predators and parasites of crop pests. 
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5.2 Materials and Methods 
5.2.1 Pitfall Trapping 
Carabidae (ground-beetles), Staphylinidae (rove-beetles), Araneae (Linyphiidae 
(money-spiders) and Lycosidae (wolf-spiders) were sampled using pitfall traps comprising 
plastic cups (diameter 60mm, depth 77mm) which were set in short lengths of plastic drain 
pipe buried in the soil so that the upper rim of the pitfall trap was flush with the soil 
surface. Rain covers (inverted plant-pot saucers supported by lengths of wire) were 
positioned approximately 5cm above each trap to prevent flooding by rain (Figure 1). 
Pitfall traps were part-filled with trapping fluid (25m1 detergent in 10 litres of water) to 






- cup with trapping fluid 
6.0cm 
Figure 1. Section diagram of a pitfall trap for sampling ground dwelling (epigeal) 
invertebrates. 
Fifty-two pitfall traps were set in a grid across the site (Figure 2). The sampling 
positions consisted of two transects in each of the fields; the outer transect had two traps 
within the SRC strips and two traps at 18 metres into the adjacent crop area. The inner 
transect consisted of single trap positioned at the centre of the long SRC strip and single 
traps at distances of 1 m, 6m, 12m, 18m, 30m, 42m, and 66m from the SRC strip. The trap 
at 66m form the SRC strip was at 54m from the central strips of SRC. 
Trapping was carried out in 1997 and 1998 for a period of one week during May, 
June, July, August and October (cultivation and other farm operations on the site prevented 
trapping during September). In 1999, traps were set only in May, June, July and October. 
Trapping in August was not possible as the frequency of arable operations meant that a 
clear seven-day period did not occur. 
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Figure 2. Layout of the pitfall trap locations and D-vac sampling transects. 
Pitfall traps were returned to the laboratory and the contents transferred to 70% 
methanol in labelled tubes. Numbers of adult Carabidae, adult Staphylinidae, Lycosidae 
and Linyphiidae were recorded. Carabidae were identified to species after Lindroth (1974). 
The analysis focused on the inner transects to detect if there were any spatial gradients, in 
the activity density of polyphagous predators, relative to the SRC strips. The inner 
transects were also chosen as these were less likely to be influenced from surrounding 
habitats (see Chapter 2, Figure 1). Transects were not replicated in each individual field as 
this would have created too greater a workload. Furthermore it was felt that treating the 
four inner transects as replicates would have led to incorrect conclusions, as factors such as 
crop type and structure and previous crop history, shown to affect the abundance of 
polyphagous predators, were different. Wallin (1985) used a single row of pitfall traps to 
observe the temporal and spatial distribution of abundant carabid beetles in cereal fields, 
this study also included paired rows of transects across fields that were compared by a two 
way analysis of variance. No substantial dissimilarity was found between the rows, 
suggesting that a single row of traps in each field, would give a reasonable estimate of the 
pattern of abundance and distribution. 
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Canonical correspondence analysis (CCA) was used to examine the response of the 
total catch data to a number of environmental variables. The theories and assumptions 
behind CCA are comprehensively reviewed in ter Braak (1996). The computer software 
used was Canoco for Windows v 4.02 (ter Braak and Smilauer, 1998). Log-transformed 
total numbers of individuals of each species and taxa caught in each trap (site) were related 
to the environmental variables: field, crop type, distance from the SRC strips and year. The 
CCA output was in the form of an ordination diagram showing points for species and 
centroid values for statistically significant (Monte-Carlo permutation tests) environmental 
variables. 
5.2.2 Suction Samples 
The number of aphid-specific predators (including adults, larvae and pupae of 
hoverflies (Diptera: Syrphidae), ladybirds (Coleoptera: Coccinelidae) and lacewings 
(Neuroptera)); parasitic wasps (Hymenoptera: Parasitica), including Ichneumonidae, 
Braconidae, Chalcidoidea and Proctotrupoidea) and the percentage of mummified cereal 
aphid (Aphididae) were sampled at distances from the SRC in July using a D-Vac suction 
sampler (design as Thornhill, 1978; Dietrick, 1961). The D-vac sampler collects animals 
resting on vegetation or ground to which the suction nozzle is applied (Greig-Smith, 1991). 
Two broad transects (25 metres wide), 25m apart, were sampled at distances of lm, 5m 
and 17m and 54m from the SRC strip (Figure 2). Each sample comprised 5x 30s suction 
periods taken at 5m intervals at each distance from the SRC strip; this approximated each 
sample to approx 1 m2 per distance. A two way analysis of variance (ANOVA) was used to 
test the hypothesis that the two transects did not differ significantly in the total number 
individuals of each taxa caught. To stabilise the variance all the count data were 
transformed (Logio (n+l)) and the percentage mummified aphids data angular transformed, 
prior to analysis. 
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5.3 Results 
5.3.1 Total numbers of individuals in pitfall traps: year and field effects 
Over the three-year monitoring period the highest number of individuals caught 
belonged to the Araneae group (Lycosidae and Linyphiidae), followed closely by 
Carabidae and then Staphylinidae (Table 1). 
There was an effect of year on the number of individuals of all groups trapped. In 
1998, the overall total number of individuals trapped was much lower than in 1997 and 
1999. The decline occurred in all the groups of polyphagous predator. However, the 
numbers of Staphylinidae, unlike the Araneae and Carabidae, did not recover to 1997 
numbers in 1999 (Table 1). 
Different total numbers of beneficial arthropods were caught in each of the four 
fields. Overall, the highest numbers of individuals were trapped in field D and field B and 
considerably lower numbers were caught in fields A and C. All the groups of polyphagous 
predator showed this trend, indicating a higher activity density of beneficial arthropods in 
the eastern half of the experimental area (Table 1). 
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Table 1. Total numbers of individuals in main groups of polyphagous predators caught in 
pitfall traps in each field of the experiment in each year. Figures in parentheses indicate 
rank order between the fields (1 as the highest number of individuals trapped). 
Year Total 




A 474 (3) 330 (2) 603 (1) 1407 (3) 
B 805(l) 320(3) 409(4) 1534 (2) 
C 373 (4) 265 (4) 459 (3) 1097 (4) 
D 719(2) 391(l) 568(2) 1678(1) 
Total 2371 1306 2039 
A 162 (4) 55 (3) 73 (2) 290 (4) 
B 231(2) 53(4) 86(l) 370(l) 
C 198 (3) 76 (2) 64 (3) 338 (3) 
D 235(l) 79(1) 44(4) 358(2) 
Total 826 263 267 
A 241(4) 346(3) 413(3) 1000(4) 
B 992(l) 194(4) 540(l) 1726(2) 
C 404 (3) 423 (2) 397 (4) 1224 (3) 
D 700(2) 510(l) 526(2) 1736(l) 
Total 2337 1473 1876 
Overall total 5534 3042 4182 
(per year) 
Total (each Field) all three years 
A 2697 (3) 
B 3630 (2) 
C 2659 (4) 
D 3772 (1) 
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5.3.2 Total numbers of individuals in pitfall traps: distance from the SRC strip effects 
The percentage of the total number of individuals, of each group, trapped at each 
distance from the SRC strips, varied between groups, fields and years. It was difficult to 
identify any trends in the data (Figure 3a). In the 1997 two trends were observed: (i) A 
higher percentage spiders were trapped in the SRC strip and at im into the crop and (ii) a 
higher percentage of Carabidae were trapped within the SRC and at lm and 6m from the 
SRC strip. In 1998, a higher percentage of Araneae were trapped within the SRC strips and 
at lm from the strips (Figure 3b). There were no spatial trends in percentage of Carabidae 
trapped in 1998 (Figure 3b). In 1999 there were no spatial trends in the percentage of 
Araneae and Carabidae trapped relative to the SRC strips (Figure 3c). In all years, a lower 
percentage of Staphylinidae were trapped in the SRC strips compared to distances in to the 







































" StaphyUnidae   162 
" Carabldae   241 
pAreneae   805 
" StaphyNnidae s 231 
" Carabidae - 992 
pAreneaa   373 
0 Staphyknidae " 198 
" Carabldae " 404 
DAraneae   719 
0 Staphyinidae . 235 
Figure 3a. Percentage of total catch (total catch per transect) of Araneae, Staphylinidae and 
Carabidae found in the SRC strips and at distances from the SRC strips in 1997. 
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SRC Im 6m 12m 18m 30m 42m 68m 
SRC Im 6m 12m 18m 30m 42m 66m 
SRC Im 6m 12m 18m 30m 42m 66m 





































DAranaaa   330 
" Staphyünidaa   55 
" Carabidaa - 348 
pA ranaae - 320 
" Staphylinidae   53 
0 Carabidae   194 
fAraneae - 265 
0 Staphylinidae - 78 
0 Carabidae   423 
DAranaaa " 391 
0 Staphylinidaa a 79 
" Carabidaa " 510 
Figure 3b. Percentage of total catch (total catch per transect) of Araneae, Staphylinidae and 
Carabidae found in the SRC strips and at distances from the SRC strips in 1998. 
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SRC Im 6m 12m 18m 30m 42m 66m 
SRC Im Bm 12m 18m 30m 42m 68m 
SRC Im Om 12m 18m 30m 42m 66m 





































DAraneae   603 
0 Slaphylinidae " 73 
aCarebidae " 413 
p Araneae = 409 
" Staphy6nidae = 86 
" Carabidae = 540 
OAraneae   459 
" Staphyknidae a 76 
" Carabidae   423 
1Araneae   568 
" Staphyhnidae   79 
a Carebidae " 510 
Figure 3c. Percentage of total catch (total catch per transect) of Araneae, Staphylinidae and 
Carabidae found in the SRC strips and at distances from the SRC strips in 1999. 
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SRC Im 6m 12m 16m 30m 42m 66m 
SRC 1m 8m 12m 18m 30m 42m 68m 
SRC Im 8m 12m 18m 30m 42m 68m 
SRC 1m 6m 12m 18m 30m 42m 88m 
5.3.3 Monthly numbers of individuals in pitfall traps: location and month effects 
The number of individuals of each group trapped in each month in at positions in 
the SRC (SRC), in the adjacent crop at lm and 6m from the SRC strip (ADJ) and the open 
field area 42m from the SRC strip (OP) were compared (Figure 4a-c). In all years the 
number of spiders trapped peaked in July. In 1998 and 1997 fields A and B there were, in 
most months, more spiders trapped in the SRC and adjacent crop than the open field 
(Figure 4a and b). In fields C and D this difference was less pronounced. In 1999 the 
location effect was less pronounced and generally lower numbers of spiders were trapped 
in the SRC compared to traps located in the crop areas (ADJ and OP) (Figure 4 c). 
Staphylinidae were generally trapped in similar numbers in all locations and over all 
months in all years. No consistent effects of location were observed between the fields 
(Figure 4a-c). The numbers of trapped Carabidae peaked in different months in different 
fields. As a general trend, across all months and years, there were higher numbers of 
individuals trapped in the SRC strips (SRC) and adjacent crop (ADJ) than in the open field 
(OP) (Figure 4a-c). 
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5.3.1 Individual Carabidae species numbers in pitfall traps: year and field effects 
The number of individuals of each species of Carabidae trapped in each year, in 
total and number of species is shown in table 2. 
It can be clearly observed that autumn breeding species Plerostichus melanarius (Illiger) 
was the dominant carabid species. Other carabid species were trapped in much lower 
numbers over the three-year monitoring period. 
The changes in the numbers of individuals of the main species trapped over the three 
tears can be grouped into three responses: 
1. A decline in number of individuals trapped in 1998, compared to other years as 
shown by P. melanarius, P. cupreus, Notiophilus biguttatus, Nebria brevicolis and 
Bembidion tetracolum. 
2. An increase in numbers over the years as shown by Agonum dorsale (Pontoppidan) 
and Loricera pilicornis 
3. A decline in numbers with years: Trechus quadristriatus, B. obtusum and B. 
quadrimaculatum 
4. No change in numbers with years. Most species caught in low numbers. 
Field effects were also observed in the experiment. The overall effect was that a 
greater number of species were found in fields B and D than A and C. Fields that were 
spring cropped tended to have lower numbers of Carabid species in the following winter 
crop than continually winter cropped fields. 
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Table 2. Number of individual Carabidae trapped in each year and in total and species 
composition of whole data set. 
1997 
Year 
1998 1999 Total 
Pterostichus melanarius 1777 1141 1654 4572 
Nebria brevicolis 354 314 569 1237 
Agonum dorsale 25 128 476 629 
Bembidion lampros 136 198 168 502 
Pterostichus cupreus 100 82 90 272 
Loricera pilicornis 27 41 86 154 
Trechus quadristriatus 93 36 11 140 
Bembidion tetracolum 32 17 81 130 
Notiophilus biguttatus 41 28 48 117 
Bembidion obtusum 47 35 9 91 
Demetrias atricapillus 11 9 35 55 
Bembidion quadrimaculatum 43 10 0 53 
Bembidion lunulatum 35 7 3 45 
Harpalus rufrpes 10 18 6 34 
Pterostichus madidus 8 12 14 34 
Agonum muelleri 14 10 6 30 
Asaphidion jlavipes 8 4 10 22 
Amara plebeja 2 16 3 21 
Harpalus affinis (=aeneus) 1 15 4 20 
Amara aenea 0 14 1 15 
Bembidion aeneum 11 1 1 13 
Patrobus atrorufus 7 0 6 13 
Amara similata 1 10 1 12 
Clivinafossor 3 5 4 12 
Abas parallelopipedus 4 2 3 9 
Amara ovata 0 1 6 7 
Amara familiaris 1 5 0 6 
Pterostichus strenuus 0 0 4 4 
Bembidion guttula 1 1 1 3 
Trechus micros 2 0 1 3 
Metabletus obscuroguttatus 2 0 0 2 
Amara bifrons 0 0 1 1 
Amara montivaga 0 0 1 1 
Dromius melanocephalus 0 0 1 1 
Species 28 27 32 35 
Individuals 2796 2160 3305 8261 
Species nomenclature according to Kloet and Hincks (1977). 
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5.3.5 Carabidae diversity in pitfall traps: distance from SRC strip effects 
The total number of carabid species found at each distance from the SRC strips in 
each field in each year are shown in Table 3. There was a general trend, in all years, of a 
greater number of species of Carabidae trapped within and at Im from the SRC compared 
to other distances. The effect did not occur in every year every field but was nonetheless 
apparent in the data set. 
Table 3. The total number of Carabidae species found in traps at each distance from the 
SRC in each year. The total indicates the total number of species found in the entire field. 
Year Field 
SRC Im 
Position of trap (m from SRC strip) 
6m 12m 18m 30m 42m 66m Total 
1997 A 9 10 5 7 3 5 5 6 14 
B 9 16 10 10 7 9 7 9 20 
C 7 11 10 7 9 11 9 6 17 
D 12 15 9 7 6 5 6 6 19 
1998 A 8 7 7 9 7 5 5 6 15 
B 8 12 6 4 0 5 6 6 16 
C 12 12 4 7 5 7 7 7 17 
D 14 12 6 9 10 7 10 11 22 
1999 A 13 7 9 8 7 7 5 8 18 
B 9 10 6 7 7 6 7 6 16 
C 8 6 8 6 3 7 7 4 13 
D 12 9 10 8 8 9 7 10 19 
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5.3.6 Canonical correspondence analysis (CCA) 
Canonical correspondence analysis (CCA) showed that individual species and taxa 
of Carabidae, Staphylinidae and Araneae differed considerably in their temporal and 
spatial distributions. The first (horizontal) axis of this ordination largely separated the 
variability between years (temporal effects), whilst the second (vertical axis) mainly 
separated the variability between fields (or crop-types) with wide separation of all the 
arable field areas from the SRC strips (spatial or habitat effects) (Figure 5). The 
distribution of the first and second order species scores within this ordination space 
identified the broad associations between species and years (axis-1) and between species 
and crops (axis-2). Thus, positive scores on axis-1 identified species that tended to 
declined in numbers over the three years (notably, [012] Bembidion aeneum, [015] B. 
lunulatum, [016] B. obtusum, [017] B. quadrimaculatum, [035] Trechus quadristriatus, 
[036] Staphylininae, [037] Tachyporinae, [040-041] Lycosidae and other families of 
Araneae, excluding Linyphiidae), whereas negative scores on this axis identified species 
that tended to increase over the same period (notably, [002] Agonum dorsale, [020] 
Demetrias atricapillus and [024] Loricera pilicornis; Figure 5). Similarly, positive scores 
on axis-2 identified species that were trapped more frequently in the SRC strips than in the 
arable crop areas (notably, [003] Agwrum muelleri, [004] Amara aenea, [010] A. similata, 
[011 ] Asaphidionflavipes, [012] Bembidion aeneum, [014] B. lampros, [015] B. lunulatum, 
[017] B. quadrimaculatum, [018] B. tetracolum, [019] Clivina fossor, [022] Harpalus 
affinis, [026] Nebria brevicollis, [027] Notiophilus spp., [028] Patrobus atrorufus, [030] 
Pterostichus madidus, [040-041] Lycosidae and other families of Araneae, excluding 
Linyphiidae), whilst negative scores on axis-2 indicated species with the opposite 
distribution between these habitats (notably, [001] Abax parallelopipedus, [002] Agonum 
dorsale, [020] Demetrias atricapillus, [029] Pterostichus cupreus, [035] Trechus 
quadristriatus and [037] Tachyporinae;, Figure 5). The first and second order scores (co- 
ordinates) of several species were clustered near the origin of the graph indicating little or 
no temporal and spatial variation in their distributions (i. e. similar numbers trapped in all 
years and in all fields, e. g. [023] Harpalus rufipes, [031] P. melanarius and [039] 
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Figure 5. Canonical correspondence analysis of 41 taxa of Carabidae, Staphylinidae and 
Araneael trapped in 1997-99, using log-transformed counts (Ln(N + 1)/trap/year) with trap 
sites classified by crop-type and year' (included as nominal environmental variables and 
plotted as centroid values). 
'Species (taxa) numbers: 001-035 = Carabidae, 036-038 = Staphylinidae, 039-041 = 
Araneae. 
2Environmental (crop-year) variables: SB = spring barley, WB = winter barley, WW = 
winter wheat, WO = winter oats, SR = spring rape, WBN = winter beans, WL = long SRC 
strip (174m), WM = medium SRC strip (44m), WS = short SRC strip (22m); 97 = 1997,98 
= 1998,99 = 1999. 
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5.3.7 Suction sampling: Comparisons between transects 
In general, no significant difference was found between the total number of 
Parasitica (Hymenoptera: Parasitica), Syrphidae and percentage of parasitoids in two 
transects in each field (Table 4). As there was no substantial dissimilarity between 
transects it suggested that sampling could be reduced to a single transect. 
Table 4. A comparison of the number of Parasitica, Syrphidae (Logio (n+l)) and % of 
aphids as parasitoids (Angular) in the paired transects in each field (ns = not significant, 
= significant at f probability of 0.05). 
F- values 
Year: 1997 1998 1999 
Field: ACBCAC 
Parasitica 1.13 as 3.54 ns 1.46 ns 0.23 ns 3.58 ns 0.60 ns 
Syrphidae 0.78 ns 3.79 ns 2.90 ns >0.01 ns 32.52 * 1.00 ns 
% Parasitoids 0.11 ns 0.82 ns 0.31 ns 14.08 * 3.36 ns 0.10 ns 
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5.3.8 Suction sampling: Year and field effects 
The numbers of individuals of each taxon were similar for the two fields that were 
sampled in each year. There was however a strong effect of year on the number of 
individual of each taxa (Table 5). The number of Parasitica found was similar in 1997 and 
1998 but a threefold increase per field was found in 1999. In contrast the number of 
Syrphidae declined dramatically between 1997 and 1998 and further declined in 1999. 
Coccinellidae (Coleoptera: Coccinellidae) and Neuroptera were found in low numbers in 
all years. The percentage of the total aphids that were parasitised by braconid wasps 
(Hymenoptera: Braconidae) were similar in 1997 and 1998 but increased dramatically in 
1999, thus reflecting the increase in the number of Parasitica individuals that were found 
(Table 5). 
Table 5. The total number of individuals of taxa: Parasitica, Syrphidae, Coccinellidae and 
Neuroptera the percentage of aphids that were parasitoids found in D-vac suction samples 
in each agroforestry field in each year. 
No. of individuals % 
Year Field Parasitica Syrphidae Coccinellidae Neuroptera Parasitoids 
1997 A 495 69 72 20 
C 351 45 51 16 
1998 B 499 16 58 28 
C 411 29 65 32 
1999 A 1425 766 61 
C 1316 197 86 
5.3.9 Suction sampling: Effects of distance from the SRC strips 
(i) Parasitica 
In 1997 the number of Parasitica found in D-vac samples was similar for all 
distances from the SRC. In 1998 slightly higher numbers were found at lm from the SRC 
than at farther distances. In field A in 1999 the number of individuals caught at lm from 
the SRC was much greater than at other distances, however samples from field C did not 
show this trend (Figure 6). 
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(ii) Syrphidae 
In all fields, in all years there was no consistent effect of distance on the number of 
individuals caught (Figure 6). 
(iii) Parasitoids 
In 1997 and 1998 a higher percentage of parasitised aphids (Aphididae) were found 
at lm from the SRC than at other distances. In 1999 this trend was only observed in field C 






















Figure 6. Mean number of Parasitica, Syrphidae and percentage of Aphididae as 
parasitoids caught in suction samples at distances from the SRC strips in 1997-1998. 
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5.4 Conclusions 
The monitoring indicated that year and was a highly influential factor on the 
number of individuals caught. In 1998, the monitoring months were considerably wetter 
and temperatures lower than those experienced in 1997 and 1999 (Table 6). It is suggested 
that the less favourable meteorological conditions (wetter and colder in sampling months) 
in 1998 accounted for the lower numbers of Carabidae and Araneae individuals trapped in 
this year. The decrease observed in Staphylinidae the numbers of Staphylinidae however 
be explained by the overall weather pattern as 1997 and 1999 there was similar rainfall and 
temperatures, however the monthly weather pattern was different in the two years and this 
may account for the decline in this group. Long term monitoring studies have suggested 
that variations in the activity and density of polyphagous predators and aphid-specific 
predators may be affected strongly by climate but are relatively unaffected by differences 
in crop management (Aebisher, 1991). 
Table 6. Mean monthly temperature and total monthly rainfall in trapping months. 
Year 
Month 
1997 1998 1999 
Temp (°C) Rainfall (mm) Temp (°C) Rainfall (mm) Temp (°C) Rainfall (mm) 
May 13.1 93 15 26 14.1 54 
June 15.5 71 15.3 108 15.2 82 
July 18.1 51 16.4 55 19 8 
August 20.1 147 17.4 54 17.9 104 
September 15.8 28 16.2 85 16.8 107 
October 12.1 57 12 164 12.1 60 
Average 15.8 74 15.4 82 15.9 69 
In general greater numbers of arthropods were trapped in fields B and D than A and 
C. Traditionally these pairs of fields were single fields and were managed together. In 1997 
both B and D were cropped with winter barley whilst A and C were spring cropped (spring 
barley and oilseed rape respectively). Studies have shown that previous crop history can 
account for differences in arthropod abundance and it is suggested that the between field 
differences observed may have been due to the management of the previous crop. Field B 
had the highest numbers of Carabidae in two of the three monitoring years, this be due to 
the clay area of soil in this field (see Chapter 2, Figure 3), which would have a higher 
moisture content. Holopainen et al. (1995) suggested that soil moisture was the most 
influential factor influencing Carabid community structure and abundance in cereal fields. 
The lack of this effect in 1998 may be due to the year being considerable wetter (Table 6) 
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hence Carabidae could exploit other areas of the experiment where soils are typically poor 
at retaining moisture. 
In 1997 and in 1998 the observed pattern of higher numbers of trapped spiders 
within and immediately adjacent to the SRC can be accounted for by two factors. The first 
is that the sparsely vegetated SRC strips provided a preferable habitat for this group of 
predators, hence populations preferably colonised the strip and adjacent crop. Studies have 
reported that the Linyphiidae favour and open less vegetated habitat (Hatley and 
Macmahon, 1980). The alternative explanation is the problems associated with sampling 
epigeal fauna using pitfall traps. The number trapped is a function of both abundance and 
surface activity (Southwood, 1978). Surface activity can be impeded by dense ground 
vegetation or rough terrain (Luff, 1979), thus differences in vegetation between the 
different crops and the SRC strips may have influenced trapping efficiency. It is suggested 
that the sparsely vegetated and uncultivated soil in the SRC strips may have resulted in 
greater spider surface activity and hence greater numbers trapped. The lack of any 
consistent trends in the number of Araneae individuals trapped at each distance from the 
SRC strips in 1999 suggests that the established SRC strips, at this stage, have a similar 
effect on trapping or were as favourable as the arable crop areas. 
As with the Araneae the observed trend of higher percentage of Carabidae trapped 
within the SRC strips may be a function of factors effecting trap efficacy or because the 
Carabidae favoured the SRC and adjacent arable crop compared to the open field. The lack 
of any spatial trend in numbers trapped in 1998 and 1999 suggests that the two and three 
year old SRC strips were as favourable as the arable crop area. 
The lower numbers of Staphylinidae trapped in the SRC strips compared to the arable crop 
areas suggests that the SRC strips were not favoured by this group of beneficial arthropods. 
A range of abiotic and biotic factors are suggested to affect the density of ground dwelling 
beetles (Dennis et al. 1994; Honek, 1997; Thiele, 1977). It was speculated that the factors 
that were likely to have been different between the SRC strips and adjacent arable areas 
were: humidity, temperature, vegetation composition and availability food supply. 
However the observation on this group must be treated with some caution as low numbers 
of Staphylinidae were trapped (especially in 1998 and 1999). 
Examining the data set by comparing numbers of trapped individuals in locations as 
open field, adjacent and within the SRC strip on a monthly basis did not reveal any spatial 
patterns that may have been masked by using total annual catch data. 
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The range of Carabid species trapped and the dominance by Pterostichus 
melanarius is typical of the arthropod communities found in fields at Long Ashton 
(Thomas and Marshall, 1999). The change in species diversity and abundance in traps that 
occurred between the years is thought to relate to the different climatic conditions in the 
three years of monitoring (Table 6). 
The observation of lower Carabidae species richness following spring cropping has 
not been observed in other monitoring studies (Aebisher, 1991). A more thorough and 
focused research project would be necessary to identify whether this was a true effect or 
purely coincidence. 
The greater diversity of Carabidae species trapped within and adjacent to the SRC 
strips suggest that either abiotic or biotic factors such as higher floral diversity in the SRC 
strips were creating a habitat that could support a higher Carabidae diversity than the open 
arable field or that mobile, rarer species exhibited a higher probability of capture during 
trivial movements into the sparsely vegetated crop than in their preferred habitat. 
The canonical correspondence analysis indicates that the two major factors 
influencing community composition and structure were year effects and differences 
between the SRC strips and the arable areas. The analysis also showed how individual 
species of Carabidae, Staphylinidae and Araneae differed in their temporal and spatial 
distribution indicating very different, and sometimes opposite, responses to the same 
environmental variable. Such effects are probably related to different ecological 
requirements depending on species size, larval life cycle and food (Baguette and Hance, 
1997). This also suggests that treating large taxonomic groups as single entities may be 
unwise. 
The annual numbers of aphid-specific predators (Syrphidae, Coccinellidae and 
Neuroptera) and parasitic wasps (Hymenoptera: Parasitica) in D-vac suction samples 
varied between the years. It is suggested that these variations were mainly due to climatic 
differences between the years (Table 6). There were no strong or consistent spatial effects 
observed in any year. This suggests that the SRC strips had little or no beneficial or 
harmful effects on the survival or distribution of these taxa. Despite the lack of clear effect 
it is suggested that the SRC strips would provide the insect boundary layer that has been 
observed in other agroforestry systems (Peng et al. 1993). The lack of significant 
differences detected between paired transects suggests that in future a single transect may 
be sufficient on this scale of experiment. 
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The study has indicated that the combined food and energy system may affect 
patterns of activity/density, diversity and possibly density of beneficial arthropods. The 
complex design and nature of the experiment and the effects of factors such as vegetation 
structure on pitfall trapping meant that it was difficult to interpret data and make 
conclusions. Despite this it is felt that the SRC strips do not, in the first three years, have a 
clear, deleterious effect on beneficial arthropods. The use of uncultivated or even bare 
ground and leaf litter for over-wintering by predatory beetle groups has been identified in 
many agroecological studies (Dennis and Fry, 1992; Thomas et al. 1992). This would 
suggest that the SRC strips should make ideal over-wintering sites and it is proposed that 
an investigation into the potential of the strips as sites, using well-established 
methodologies, should be carried out. The three-year monitoring period used in the study 
was probably to short to detect any clear spatial patterns in the data, further long-term 
monitoring may reveal a more positive role of the SRC strips in enhancing beneficial 
arthropods in the adjacent arable crop. 
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Monitoring of earthworm populations in the short rotation coppice strips 
and adjacent crop 
6.1 Introduction 
Earthworms play a variety of important roles in agroecosystems. Their feeding and 
burrowing activities incorporate organic residues and amendments into the soil, enhancing 
decomposition, humus formation, nutrient cycling, and soil structural development 
(Mackay and Kladivko, 1985; Kladivko et al. 1986). Earthworm burrows persist as 
macropores that provide low resistance channels for root growth, water infiltration, and gas 
exchange (Kladivko and Timmenga, 1990; Zachmann and Linden, 1989). Quality, quantity 
and placement of organic matter, disturbance by soil tillage, soil moisture content are the 
main determinants of earthworm abundance and activity in agricultural soils (Doran and 
Werner, 1990; Edwards, 1983; Lofs-Holmin, 1983). Arable soils are generally low in 
earthworm density and dominated by a few species adapted to disturbance, low organic 
matter content and an absence of surface litter. Common agricultural lumbricids include 
Allolobophora chlorotica, the Aporrectodea caliginosa species and Lumbricus terrestris 
(LeLofs-Holmin, 1983). Methods of enhancing earthworms in arable soils include 
incorporation of crop residues, rotations that include crops that return large amounts of 
crop residue to the soil and the use of non-inversion or direct drilling (Knick, Ellmer and 
Deutschmann, 1998). 
Earthworm species can be classed in one of three morpho-ecological groupings 
(Bouche, 1977): 
(i) Epigeic species live in organic horizons and ingest large amounts of 
undecomposed litter. These species produce ephemeral burrows into the mineral soil for 
diapause periods only. They are relatively exposed to climatic fluctuations and predator 
pressures, and tend to be small with rapid generation times. On agricultural land in the UK, 
Allolobophora chlorotica is the most common example of this group. 
(ii) Endogenic species forage below the surface, ingest large quantities of soil with 
a preference towards organic rich soil, and build continuously ramifying burrows that are 
mostly horizontal. These species are not of major importance in litter incorporation and 
decomposition since they feed on subsurface material. They are important in other soil 
formation processes including root decomposition, soil mixing, and aeration. Common 
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species in this category are Lumbricus rubellus, L. castaneus, L. festivus, Aporrectodea 
caliginosa, A. rosea and Octolasium cyaneum. 
(iii) Species, which build permanent, vertical burrows that penetrate the soil deeply, 
are termed anecics by Bouche (1977). These species are detritivores and come to the 
surface to feed on partially decomposed litter, manure, and other organic matter. The 
permanent burrows of anecic species create a microclimatic gradient, and the earthworms 
can be found shallow or deep in their burrows depending on the prevailing conditions. 
Anecic species have profound effects on organic matter decomposition, nutrient cycling, 
and soil formation. In agricultural soils the most common examples of this group are 
Lumbricus terrestris and Aporrectodea longa. Deep burrowing species such as L. terrestris 
can burrow through compacted soil and penetrate plough pans, creating channels for 
drainage, aeration, and root growth (Joschko, Diestel and Larink, 1989). Shipitalo and 
Protz (1989) elucidated some of the mechanisms by which earthworms enhance soil 
aggregation. Ingested aggregates are broken up in liquid slurry that mixes soil with organic 
material and binding agents. The defecated casts become stable after drying. 
An experiment studying earthworm populations in arable soils under SRC 
plantations found that earthworm abundance, biomass and species diversity increased 
under the SRC after three years (Makeshin, 1995). The increases were attributed to the lack 
of tillage, pesticides and the layer of organic matter (leaf litter) accumulating on the soil 
surface. This reported positive effect might mean that, in the combined food and energy 
system, the strips of SRC enhance the earthworm populations in arable agroecosystems per 
se and possibly in adjacent arable crop areas. Certain earthworm species are highly mobile, 
for example L. terrestris is reported to have travelled 19m on the soil surface (Mather and 
Christensen, 1988), and thus it was hypothesized that the SRC strips may become a source 
of individuals that may colonize adjacent arable areas. 
The aim of this section of the study was to assess the changes occurring in 




The two central strips of SRC were chosen for the investigation on earthworms. 
These sites were appropriate as they allowed a comparison between the field units each 
side of the strip and also they were in an area of the experiment not used for yield or pest 
measurements. 
The layout of the sampling sites is shown in figure 1. The sampling regime allowed 
statistical comparisons between the two cropped field areas, the centre of the SRC strip and 
the edge of SRC strip. The earthworms were sampled in May 1998 and 1999 after a five- 
day period without rain. 
Site I 
12 m 
18 m 18 m 
8m 







Field C""" Field D 18m 
12m wide SRC strip 
" Earthworm sampling point 
Figure 1. The layout of the sampling sites used for monitoring earthworms. 
6.2.2 Extraction and identification 
Earthworms were extracted in using the formaldehyde method described by 
Edwards and Lofty (1975). A metal quadrat (250cm2) was inserted in the soil to a depth of 
8cm and 1OL of 5% formaldehyde solution added. Worms that came to the surface were 
143 
then removed with forceps and placed in sample bottles containing a preserving solution of 
10% formaldehyde. The top 5cm of soil was carefully probed after 20 minutes to ensure 
that worms lying below the surface were collected. 
The worms were washed, counted, excess moisture removed, weighed and 
identified to species after Sims and Gerard (1985). 
6.2.3 Statistical analysis 
The abundance of morphological groups (number per m2), earthworm biomass (g 
per m2) and species richness (number of species) were analysed using analysis of variance, 
whereby location (SRC, dividing strip and distances into each field) were treatments and 
transects as blocks. Abundance and biomass data were square root transformed to 
normalize the variance. 
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6.3 Results 
6 3.1 Site and year differences 
Two thousand one hundred and ninety seven earthworm individuals belonging to 10 
species were identified from the field extractions. The most abundant earthworm was the 
endogenic species Aporrectodea caliginosa. The top four most abundant species represent 
one anecic species, one epigeic species and two endogenic species. The other species were 
generally endogeic and were found at much lower abundances (Table 1). 
There was a strong seasonal and site effect on the total abundances of worms. 
Overall there was an increase in worm abundance between 1998 and 1999. This was 
mainly due to a rapid increase in the number of A. rosea and A. chlorotica individuals 
found and an increase in endogenic Lumbricus spp. (Table 1). 
Site differences were apparent in both years. L. terrestris was found in much greater 
abundance at site 2 than site 1. In contrast A. chlorotica was more abundant at site 1 (Table 
1). 










Aporrectodea caliginosa 134 162 106 185 587 
Lumbricus terrestris2 84 146 80 180 490 
Aporrectodea roseal 77 66 72 244 459 
Allolobophora chlorotica3 120 40 240 18 418 
Aporrectodea longa2 8 21 9 65 103 




Dendrobena spp. 1 
1 5 23 
12 5 11 
1 1 3 





Total (per year per site) 440 450 605 702 2197 
Species nomenclature and authority according to Sims and Gerard (1985). 
1 Endogenic species (shallow burrowers) 
2 Anecic species (deep burrowers), 
3 Epigeic species (surface dwellers) 
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6.3.2 Density of morpho-ecological groups at locations within the agroforestry system 
Significant effects of location tended to occur in site 2 (fields C and D). However 
some significant differences were detected in site 1. The significant differences were found 
in all morpho-ecological groups, although the effects were not consistent between sites or 
years (Table 2a and 2b). 
At site 1 the density of endogenic and anecic species was not significantly different 
between locations in both 1998 and 1999 (Table 2a). A significant effect of location was 
observed on the epigeic group in both years. The significant effect was mainly due to 
comparatively low numbers of this group being found under the SRC than all other 
locations. A very high density of worms belonging to the epigeic group was extracted in 
the 6m and 18m locations in field A in 1999 (Table 2a). 
In 1998, at site 2 there was a significant effect of location on the density of worms 
belonging to each morpho-ecological group. Endogenic worms were significantly lower 
(p<0.001) in field D crop areas (6m and 18m) than field C areas whilst the dividing strips 
had higher densities of this group than other areas (Table 2b). The main significant effect 
(p=0.004) on the density of anecic worms was due to a much greater density of worms in 
the dividing strip in field D than all other areas. There were no epigeic worms found at the 
dividing strip, 6m and 18m in field D, whereas a considerable number of epigeic worms 
were found in field C (except at the 18m location). At site 2, in 1999, the effect of position 
was significant on the density of endogenic and anecic species but, unlike 1998, no effect 
was observed on the density of the epigeic group (Table 2b). The main effect was due to 
the very high density of the former worm groups at the dividing strip in field D (between 
the SRC strip and the arable crop). 
6.3.3 Earthworm biomass at locations within the agroforestry system 
No significant effect of position on earthworm biomass was observed at both sites 
in 1998, whilst significant effects were detected at both sites in 1999. 
A significantly higher biomass of earthworms was found at 18m into that arable 
crop of field A than at all other locations. (Table 2a) 
At site 2 there was a significantly higher worm biomass was found in field D (under 
the dividing strip and at 6m and 18m into the arable crop) in than under all areas of field C. 
This trend was observed in 1998 although the effect was not significant (Table 2b). 
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In both sites and in both years the biomass of earthworms under the SRC strip was 
similar to that found in the arable crop areas (Tables 2a and 2b). 
6.3.4 Earthworm species richness at locations within the agroforestry system 
In 1998, at site 1 there was a significant effect (p = 0.041) of location on the 
number of species extracted (Table 2a). This effect was mainly due to lower numbers of 
earthworm species extracted at the dividing strips than all other locations. In 1999 there 
was no significant effect on species richness (Table 2a). 
Similarly in site 2 there was a significant effect of location (p = 0.001) in 1998. The 
pattern observed was difficult to interpret as the main effect was due to a higher number of 
species under the SRC, at 6m into field C and at the dividing strip in field D compared to 
all other locations (Table 2b). The effect of location was not significant in 1999 (Table 
2b). 
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Table 2a. The number of individuals per m2 (square root transformed) of earthworms 
belonging to each morpho-ecolgical group, the biomass (grams/m2) and species richness 
(number of species, square root transformed) at locations within the SRC strip (SRC), the 
dividing strip (DS) and at distances of 6m and 18m into the adjacent crop (6m and 18m) at 
site 1 (fields A and B). Standard error of the difference (SED) at 20 df. Back-transformed 
mean in italics. 
Location 
Year Parameter Units SRC Field A Field B 
DS 6m 18m DS 6m 18m F prob SED 
1998 Endogenic no. /m2 7.06 7.58 7.09 6.87 6.74 8.11 7.86 0.365 0.865 
49.82 57.39 50.26 47.21 45.46 65.81 61.77 
Anecic no. /m2 4.16 4.55 4.61 4.14 3.77 3.93 3.25 0.098 0.705 
17.32 20.72 21.29 17.11 14.19 15.44 10.58 
Epigeic no. /m2 2.82 4.44 4.04 5.47 4.06 5.55 4.93 0.006 0.715 
7.98 19.69 16.35 29.96 16.51 30.78 24.26 
Biomass g/m2 57.09 62.30 66.91 39.32 45.20 37.09 52.82 0.112 12.515 
Species richnes s no. of species 2.30 2.08 2.43 2.23 2.00 2.15 2.24 0.041 0.138 
5.29 4.32 5.91 4.97 4.00 4.62 5.00 
1999 Endogenic no. /m2 8.10 8.62 8.69 6.65 9.72 7.73 8.24 0.054 0.894 
65.58 74.28 75.43 44.25 94.43 59.82 67.84 
Anecic no. /m2 2.58 4.97 3.98 4.46 4.73 2.76 3.77 0.053 0.856 
6.63 24.66 15.83 19.87 22.37 7.64 14.22 
Epigeic no. /m2 4.92 5.74 9.48 9.12 5.69 4.71 5.31 0.001 0.938 
24.19 32.96 89.85 83.15 32.33 22.15 28.18 
Biomass g/m2 41.65 77.91 72.59 118.56 60.57 36.01 49.19 0.005 17.608 
Species richness no. of species 2.58 2.50 2.58 2.27 2.76 2.57 2.64 0.129 0.184 
6.66 6.27 6.66 5.13 7.61 6.61 6.98 
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Table 2b. The number of individuals per m2 (square root transformed) of earthworms 
belonging to each morpho-ecolgical group, the biomass (grams/m2) and species richness 
(number of species, square root transformed) at locations within the SRC strip (SRC), the 
dividing strip (DS) and at distances of 6m and 18m into the adjacent crop (6m and 18m) at 
site 2 (fields C and D). Standard error of the difference (SED) at 20 df. Back-transformed 
mean in italics. 
Location 
Year Parameter Units SRC Field C Field D 
DS 6m 18m DS 6m 18m F prob SED 
1998 Endogenic no. /m2 8.72 9.24 8.13 5.87 10.19 6.28 5.12 <0.001 0.586 
75.96 85.31 66.16 34.48 103.83 39.49 26.25 
Anecic no. /m2 4.89 4.80 5.63 5.85 7.65 4.90 4.16 0.004 0.763 
23.87 23.02 31.73 34.20 58.59 23.97 17.28 
Epigeic no. /m2 3.73 3.52 4.00 0.67 0.00 0.00 0.00 <0.001 0.933 
13.92 12.38 16.00 0.44 0.00 0.00 0.00 
Biomass g/m2 78.61 80.35 85.71 76.80 106.47 107.61 36.55 0.110 24.502 
Species richness no. of species 2.23 1.80 2.23 1.82 2.44 1.80 1.82 0.001 0.152 
4.97 3.26 4.97 3.32 5.97 3.26 3.32 
1999 Endogenic no. /m2 11.11 10.73 7.85 5.63 14.68 9.38 7.19 <0.001 0.841 
123.40 115.19 61.68 31.66 215.39 88.05 51.71 
Anecic no. /m2 6.97 6.98 5.61 5.49 8.35 7.80 5.63 0.010 0.769 
48.53 48.67 31.45 30.15 69.72 60.91 31.66 
Epigeic no. /m2 2.65 0.00 0.94 0.67 0.94 2.00 0.00 0.091 0.985 
7.00 0.00 0.89 0.44 0.89 4.00 0.00 
Biomass g/m2 71.76 62.43 39.60 42.36 141.75 129.83 101.67 <0.001 18.203 
Species richness no. of species 2.24 2.14 2.08 2.16 2.16 2.24 2.08 0.453 0.112 
5.00 4.58 4.32 4.65 4.65 5.00 4.32 
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6.4 Conclusions 
The differences in worm species and density observed between the two sites were 
thought to relate to the different soil types that occur across the site (Chapter 2, Figure 3). 
The differences between the sites may have occurred because of cropping differences 
between the two fields. Site 1 was predominantly winter cropped during the two 
monitoring years whilst site 2 was both spring and winter cropped. The different crop types 
would have also resulted in different amounts of crop residue, which is known to influence 
earthworm populations (Lofs-Holmin, 1983). 
The monitoring showed that there were strong spatial differences in the density of 
each morpho-ecological group but the effects were not consistent between years, sites and 
positions. This would therefore suggest that the SRC strips were not having a strong effect 
on earthworm populations. The significant effects that were observed are therefore 
suggested to have arisen because of simple heterogeneity in earthworm numbers across the 
sampling area. Similarly the lack of consistent effect of location on the biomass of 
earthworms per m2 also suggested that the SRC strips were not having a strong impact on 
earthworm populations. 
It is unlikely that differences in extraction efficiency occurred between the 
locations. However, the uncultivated SRC strips may have affected infiltration of the 
formaldehyde solution. Similarly the time elapsed between cultivation and earthworm 
extraction would different between the fields, especially between spring and autumn sown 
crops, which again may have affected the efficiency of worm extraction using the 
formaldehyde method. Despite this the formaldehyde method of earthworm extraction is a 
well-established and robust methodology that was felt to be appropriate in the study. Hand 
sorting soil samples is the other commonly used method but this would have been 
extremely time consuming and thus inappropriate. 
Overall the data collected indicates that there is unlikely to be any significant 
changes in earthworm abundance, biomass and species diversity in the first three years of 
the agroforestry system, however, it is possible that significant effects will occur as the 
SRC strips become more established. 
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Chapter 7. 
The impact of the agroforestry system on soil mineral nitrate and nitrate 
leaching 
7.1 Introduction 
The movement of fertilisers and pesticides into surface waters is recognised as a 
major problem associated with agricultural production (Fellowes, 1992). Nitrogen is one of 
the most pervasive of the non-point source pollutants. Nitrate is readily transported through 
the soil in water and is at high risk of being leached. Nitrate leaching occurs when rain falls 
on a soil at field capacity. In the UK this is typically between October and April (Archer, 
1985). The extent of nitrate movement varies considerably with soil type. Usually soils 
with high sand contents are more prone to leaching than clay soils (Webster, 1994). 
The loss of nitrate to the groundwater and surface catchment is a major problem 
and there has been much research into the impact of agronomic practices on nitrate 
leaching (Goss, et al. 1993; Kolenbranger, 1969; Thomson, Ryden and Lockyer, 1987). 
The European Directive set for potable water is 11.3 mg nitrate 1-1 (Tunney, 1992), if the 
water is above this limit then costly purification processes have to be undertaken. As well 
as the danger of leached nitrates entering potable water supplies there is also the problem 
of eutrophication of water bodies, leading to ecological damage. 
Agroforestry systems are suggested to be able to play a role in improving water 
quality and filter and biodegrade excess nutrients and pesticides (Rietveld, 1994). The 
buffer zone concept includes agroforestry systems where trees are grown in the riparian 
zone between watercourses and the cropped areas. The evidence suggests that buffer zones 
can be effective at immobilizing, storing and transforming a range of chemical inputs 
including nitrate (Schultz, Isenhart and Colleti, 1994). However evidence to substantiate 
many of the claims made is lacking and many of the effects observed could not be directly 
attributed to the riparian buffer zone. 
The effect of SRC on nitrate leaching, like many novel crops, has not been well 
studied. Permanent crops, like SRC, do not undergo the annual tillage that often leads to 
rapid mineralisation and consequent leaching and they have a deep root system that is 
capable of extracting nitrate from deep within the soil profile. Annual leaching from 
established forests are reported to be in the range of 0-16kg/ha whereas arable crop 
rotations on average lose 69kg/ha through leaching (Simmelsgaard, 1998). Recently there 
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have been several investigations on nitrate leaching under SRC with different fertiliser 
regimes (Makeshin, 1994; Mortenson, Nielsen and Jorgensen, 1998). These studies both 
found high leaching in the first leaching period after planting; this was attributed to high 
levels of mineralisation and low accumulation of nitrogen by the SRC. In the following 
two leaching periods there was a dramatic decline in nitrate leaching. 
The objective of this section of the research was to quantify soil mineral nitrate 
content and nitrate leaching under SRC and adjacent arable crops in the first three winters 
after establishment. These data would give an indication of the ability of SRC to act as a 
buffer zone and also indicate the effect of the agroforestry on leaching from arable land per 
se. 
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7.2 Materials and Methods 
7.2.1 Site and sampling 
The layout of the experiment is detailed in Chapter 2. The arable crops and strips of 
SRC all received inorganic nitrogen in the form of ammonium nitrate during the 
experiment (Table 1 and Appendix 1). 
The two central SRC strips (site 1 and site 2) and adjacent arable crop areas were 
selected for the study (Figure 1). The sites were considered separate due to their differing 
soil textures (Chapter 2, Figure 3). 
Sampling for soil mineral nitrate and nitrate leaching was carried out on three 
replicate transects at 6m from the SRC strips in each crop field, on the 1.25m dividing strip 
on each side of the SRC strip and in the centre of the SRC strips (Figure 1). 
Table 1. Crops grown and nitrogen inputs (all inorganic N) applied to crops. 
Site 1 
Field A Field B SRC 
Year Crop Kg N Crop Kg N Kg N 
applied applied applied 
1996-97 Spring 110 Winter 119 0 
barley barley 
1997-98 Winter 0 Winter 71 60 
beans oats 
1998-99 Winter 131 Winter 00 
oats beans 
1999-2000 Winter 0* Winter 0* 0 
rape wheat 
Site 2 
Field C Field D SRC 
Year Crop Kg N 
applied 




1996-97 Spring 79 Winter 119 0 
rape barley 
1997-98 Winter 152 Spring 90 60 
wheat rape 
1998-99 Winter 80 Winter 152 0 
oats wheat 
1999-2000 Winter 0* Winter 0* 0 
rape wheat 




12 m 12 m 
1" " `" 
8m 
Field A2" " `" Field B 
` 8m 
3" " " 
150m 
Site 2 
12 m 12 m 
1" . " 
8m 
Field C2" " " Field D 
8m 
3" " 0 
SRC strip 
" Soil sampling point 
Figure 1. Layout of the sampling areas and soil sampling positions. The transects are 
numbered 1-3. 
7 2.2 Statistics 
Positions (SRC, dividing strip, arable field) were used as treatments, whilst the 
three transects were treated as blocks (Figure 1). Soil mineral nitrate content were 
analysed using analysis of variance for each sampling occasion and each depth. Mean soil 
water nitrate content per drainage period and total calculated nitrate loss was also 
compared between positions. None of the data required transformation to stabilise the 
variance. 
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7.2.3 Soil mineral nitrate analysis 
Soil mineral nitrate content of the soil was measured in October and March by taking a 
90cm core at each sampling point. Complete soil cores were extracted using a Dutzi soil 
corer (Dutzi Ltd. ). The intact cores were divided into depths of 0-30cm, 30-60cm and 60- 
90cm and frozen for storage. Prior to analysis samples were defrosted for 24h and 
thoroughly mixed. From each sample a sub sample of approximately 40g was placed a 
plastic container and shaken for 2h with 200ml of 2M KCI. The solution was then filtered 
through Whatman Number 1 filter papers (Whatman Ltd. ). The filtered solution was then 
analysed colorimetrically using a Perstorp Flow Solution 3000 analyser (Alpkern Ltd. ) 
after reduction to nitrite and reaction with sulphanilamide and N-(1-naphthyl)-ethylene 
diamine (Best, 1976). The remaining soil sample was used for the determination of soil 
moisture content. Soil moisture content was determined on the remainder of the sample by 
determining soil fresh weight and drying at 105°C for 24 hours. 
7.2.4 Nitrate leaching 
In October 1997 three porous ceramic cup probes were installed in each sampling 
point at 90cm depth, probes were 8m apart (Figure 1). A description of the use of porous 
cups is given in Webster et al. (1993). 
The ceramic cups were 160mm long by 30mm in diameter (Fairey Industrial 
Ceramics Ltd). A slurry of silica sand was poured into the cored hole before the cup was 
inserted and a plug of bentonite was placed above the cup to prevent water movement 
down the shaft, then the remaining part of the shaft was back-filled with soil. 
Soil water samples were collected after manually creating a ca. 2-bar vacuum on 
the cup with an 80m1 syringe. Water samples were collected every two weeks or after 
15mm of rainfall which ever was the longer. The samples were analysed for N03-N using 
the same method as used for soil mineral N determination (Best, 1976). 
7.2.5 Calculation of drainage and leaching losses 
Ninety centimetre soil cores were taken at the end of October (below field capacity) 
and beginning of March (field capacity). Each core was divided into 0-30cm, 30-60cm and 
60-90cm horizons and the moisture content gravimetrically (dry weight after 24hrs at 
105°C). The differences between the March and October samples were used to calculate the 
soil moisture deficit on October 30. 
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The soil moisture deficit and drainage was then calculated each day using 
differences between evapotranspiration and precipitation. Daily evapotranspiration was 
calculated using the Penman-Monteith equation (Monteith 1965) based on weather data 
(sunshine hours, wind speed, maximum temperature, minimum temperature and dew point) 
from a nearby (ca. <1 km) monitoring station. 
The amount of nitrate leached below 90cm was estimated from the concentration of 
N03-N in water samples from the porous cups on each date multiplied by the calculated 
volume of drain flow. It was assumed that the poorly structured soil prevented occurrence 
of bypass flow around the ceramic cups. 
158 
7.3 Results 
7.3.1 Soil mineral nitrate 
There were significant effects of position on the amount soil mineral nitrate 
measured, however these effects were not consistent between the sites. In general greater 
amounts of soil nitrate were found at site 1 than site 2 (Tables 2a and b). 
There were no significant differences in the amount of soil mineral nitrate in the 
90cm of soil sampled at site 1 in November 1997. However the mean soil nitrate content 
was much higher under the SRC strip (including dividing strips) than adjacent crop areas. 
In March 1998 there were significantly greater amounts of soil nitrate under the SRC strips 
than in the two field areas at soil depth 30-90cm. This trend was also seen in the uppermost 
30cm but the effect was not significant. At site 2, samples taken in November 1997, were 
found to be significantly different at all depths. In the uppermost 60cm there was a much 
greater amount of mineral nitrate under the SRC strip and dividing strips than in the arable 
field areas. In contrast the significant effect at soil depth 60-90cm was largely due to a 
significantly greater amount of soil nitrate in the arable area of field C. The March 1999 
sampling indicated a similar trend to the November sampling. There was an indication that 
the dividing strip between field C and the SRC strip had a greater amount of soil mineral 
nitrate than the dividing strip between field D and the SRC strip. 
In November 1998, at both sites, the only significant effect was due to less soil 
mineral nitrate found at 30-90cm under the SRC strip and dividing strips compared to the 
arable field areas. There was also a significantly greater amount of soil mineral nitrate 
under the arable area field A and field C compared to the SRC strip and the other arable 
area. In March 1999 at site 1 there was a significant effect of position at all soil depths 
sampled, whilst at site 2 significant effects were found at 0-60cm only. In both sites the 
significant effects were mainly due to greater amounts of soil mineral nitrate under the 
SRC strips than the arable field areas. In site 1 there was also significantly more soil nitrate 
under the dividing strip between the SRC strip and arable field B. Comparing the amount 
of soil nitrate in November 1998 and March 1999 `it was apparent that soil mineral nitrate 
had declined considerably under the arable areas whilst in the SRC and dividing strips 
there had been an increase in nitrate. 
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Table 2a. Mean amount of soil nitrate at each depth under the SRC strip (SRC centre), the 
dividing strip and arable field area at site 1. Standard error of the difference (SED) at 8 df. 
Date 
Depth 
(cm) Field A 
Dividing strip 
A 
Kg nitrate ha l 
SRC centre 
Dividing strip 
B Field B F Prob SED 
November 97 0-30 57.99 72.88 94.90 87.09 69.81 0.107 1.345 
30-60 37.72 30.50 26.31 29.85 28.98 0.572 0.718 
60-90 17.56 21.75 20.38 13.24 22.44 0.466 0.812 
March 98 0-30 9.19 30.74 35.21 24.59 19.24 0.081 8.161 
30-60 12.00 33.15 35.65 31.40 12.43 0.004 5.343 
60-90 11.84 36.69 37.34 32.85 12.32 0.002 5.306 
November 98 0-30 65.36 27.95 30.93 23.41 37.40 0.002 7.027 
30-60 43.78 18.89 18.60 18.12 33.24 0.004 5.371 
60-90 24.40 19.67 20.46 14.09 24.94 0.262 4.870 
March 99 0-30 15.00 34.85 30.58 38.64 21.43 0.003 4.308 
30-60 6.08 14.46 15.49 24.68 19.55 0.014 3.907 
60-90 6.96 5.86 7.41 19.49 14.14 <0.001 1.772 
November 99 0-30 17.05 16.85 12.03 14.33 75.27 0.012 14.798 
30-60 7.38 7.99 7.33 11.15 52.35 <0.001 4.825 
60-90 2.02 5.66 9.61 5.65 25.28 <0.001 2.161 
March 2000 0-30 20.73 34.85 31.49 36.76 15.05 0.006 4.605 
30-60 19.90 13.58 14.90 24.98 6.13 0.013 3.950 
60-90 14.05 6.01 7.83 21.31 7.07 <0.001 1.835 
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Table 2b. Mean amount of soil nitrate at each depth under the SRC strip (SRC centre), the 
dividing strip and arable field area at site 2. Standard error of the difference (SED) at 8 df. 
Date 
Depth 
(cm) Field C 
Kg nitrate ha' 
Dividing strip 
C SRC centre 
Dividing strip 
D Field D F Prob SED 
November 97 0-30 21.49 64.42 85.97 59.50 24.24 0.001 3.349 
30-60 18.53 21.26 30.13 26.79 14.23 0.005 2.462 
60-90 14.46 11.01 10.71 6.31 8.98 0.049 0.909 
March 98 0-30 9.19 17.89 22.17 13.17 10.37 0.009 0.290 
30-60 7.22 17.04 19.74 12.96 9.52 0.006 0.485 
60-90 9.13 19.10 17.93 19.92 14.20 0.034 0.464 
November 98 0-30 37.57 12.89 14.22 11.38 9.83 0.002 4.647 
30-60 25.32 9.63 9.85 6.98 14.26 <0.001 1.482 
60-90 37.57 12.89 14.22 11.38 9.83 0.062 0.531 
March 99 0-30 9.63 17.70 17.58 13.03 7.02 0.045 0.391 
30-60 7.62 7.02 15.10 10.04 3.73 0.011 0.370 
60-90 8.28 6.53 8.60 4.38 5.55 0.149 0.477 
November 99 0-30 17.57 17.75 11.77 8.57 12.36 0.938 0.236 
30-60 4.31 12.37 7.61 5.50 17.25 0.251 1.218 
60-90 3.76 14.59 2.86 3.21 18.79 0.179 0.597 
March 2000 0-30 10.02 17.57 17.86 12.40 7.30 0.073 2.213 
30-60 7.28 6.93 14.53 10.01 3.61 0.015 2.641 
60-90 8.37 6.10 9.13 4.59 5.63 0.212 2.404 
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In November 1999, a significant effect of position was found at 30-90cm soil depth at site 
1. This effect was due to significantly more nitrate occurring under the arable area field B 
than all other sampling positions. No significant effects of position on soil nitrate were 
found at site 2 in November 1999. In March 2000 there was a significant effect of position 
at all soil depths in site 1 and at 30-60cm only at site 2. At site 1 the uppermost 30cm of 
soil had a greater amount of nitrate than the two arable areas, at 30-60cm there was 
significantly less soil nitrate under the arable area field B than all other areas and at 60- 
90cm there was a significantly greater amount of soil nitrate at the dividing strip B 
(between the outer row of SRC and the arable crop area field B) than all other areas. At site 
2 there was a significantly greater amount of soil nitrate under the SRC strip than the two 
arable field areas. Comparing the amount of nitrate present in November 1999 to that in 
March 2000 indicates that the amount of nitrate in the arable areas remained similar or 
decreased (drastically in the arable field B) whereas the amount generally increased under 
the SRC and dividing strips. 
7.3.2 Nitrate content in soil water extracted from ceramic cups 
The nitrate concentration of soil water extracted from ceramic cups was in general 
higher at site 1 than site 2 (Table 3). Comparing years there was a rapid decline in the 
mean concentration of leached nitrate under the SRC strip centre between the 1997-98 and 
1998-99 monitoring periods and a further decline in the 1999-2000 period. The dividing 
strips (1.25m strip between the outer row of SRC strip and the cultivated arable field areas) 
were highly variable between years (Table 3). 
Table 3. Mean concentrations (mg N03 1-1) in soil water (extracted by ceramic cups) under 
the SRC strips and adjacent arable fields during the three years of monitoring. Standard 
error of the difference (SED) at 8 df. 
Year mg NO3 1"' F Prob SED 
Site 1 Field A Dividing strip A SRC centre Dividing strip B Field B 
97-98 13.9 37.4 36.3 12.2 43.1 <0.001 4.300 
98-99 14.1 9.4 8.3 9.7 9.7 0.730 4.428 
99-00 7.3 2.5 1.6 29.6 2.7 <0.001 4.468 
Site 2 Field C Dividing strip C SRC centre Dividing strip D Field D 
97-98 5.9 22.4 22.4 22.8 24.9 <0.00 1 1.741 
98-99 12.9 3.8 4.0 6.9 2.4 <0.001 1.155 
99-00 7.9 0.8 0.8 11.8 2.5 <0.001 1.609 
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The mean concentration of nitrate in the soil water, as extracted by ceramic cups, 
was significantly different (p<0.001) between positions in the sampling period autumn 
1997 - spring 1998 at both sites (Table 3). At site 1 this effect was due to a significantly 
lower mean nitrate concentration in the arable crop area field A and the dividing strip in 
field B than all other positions. At site 2 the effect of position was significant because of a 
much lower nitrate concentration under the arable field C (Table 3). 
There was no significant effect of position on mean nitrate concentration at site 1 in 
the 1998-1999 monitoring period, however a significant effect (p<0.001) was found at site 
2, where greater amounts of nitrate leaching were found in the arable area field D than all 
other areas (Table 3). 
In the 1999-2000 drainage period the effect of position on mean soil water nitrate 
concentration was significant at both sites (Table 3). The significant effect was due to a 
greater mean concentration of nitrate at the dividing strip B and dividing strip D, at site 1 
and 2 respectively, than at all other positions. 
The pattern of nitrate concentrations in soil water varied greatly over time (Figure 
2). In 1997-98 the concentration of nitrate under the SRC strips was higher than the arable 
crop areas at all times compared to adjacent arable field areas A-C. However, similar 
nitrate concentrations were found at all times the SRC strip and arable field D (Figure 2). 
The occurrence of peaks in nitrate leaching in the first year was similar for the SRC strips 
and the arable field areas. In 1998-99 the concentration of nitrate was either higher or 
similar under the arable field areas compared to the SRC strips. Less peaks of nitrate 
occurred in 1998-99, and often peaks under the SRC strip did not coincide with those 
observed under the arable areas. In the final year of monitoring the concentration of nitrate 
was, at all times, higher under the arable crop than the SRC strips. Consistently high 
concentrations of nitrate were observed in arable area field B whilst in arable field D very 
low levels of nitrate leaching were found (Figure 2). 
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7.3.3 Effects on the amount of drainage water 
Site 1 had a lower soil moisture deficit than site 2 and as a result greater amounts of 
drainage occurred from site 1. Differences in soil type (Chapter 2: Figure 3) were thought 
to contribute to the high soil moisture deficit that was found at site 2. 
In 1997 summer rainfall was low and the soil moisture deficit was high, 
consequently drainage did not begin until early November. In 1998 a wet summer resulted 
in drainage beginning earlier (mid October). The winter and spring in 1998-1999 were both 
wet and thus drainage did not stop until early May. Despite a slightly drier summer in 1999 
a wet, early autumn resulted in soils reaching field capacity rapidly and thus the on set of 
drainage at similar time to 1998. However less precipitation occurred in the winter period 
1999-2000 and thus lower amounts of drainage occurred. The end of the field experiment 
at the end of March 2000 prevented further monitoring and hence the amount of drainage 
represents approximately two thirds of what have would occurred. 
No major differences between the drainage occurring under the SRC and arable 
crops were observed, suggesting that although greater amounts of evapotranspiration may 
occur beneath the SRC strips the impact on the amount of drainage occurring is minimal in 
the first three years of the system (Table 4). 
Table 4. Date of the start and end of each drainage period and the amount of winter 
drainage (mm) under the SRC strip and arable fields. Based on soil moisture content 
determination and calculation of soil moisture deficits/drainage from meteorological data. 
Drainage Period Drainage discharge (mm) 
Site 1 
Field A Field B SRC 
07/11/97 - 5/5/98 475.36 443.55 470.68 
20/10/98 - 4/5/99 535.30 514.12 537.98 
22/10/99 - 31/03/00* 346.96 343.84 344.76 
Site 2 
Field C Field D SRC 
07/11/97 - 5/5/98 466.88 472.79 477.07 
20/10/98 - 4/5/99 532.85 517.35 536.46 
22/10/99 - 31/03/00* 343.49 347.70 338.72 
*31/03/00 was not the end of the drainage period but the end of the field experiment. 
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7.3.4 Calculated soil nitrate loss (based on ceramic cup data) 
Using the drainage data and soil water nitrate concentration it was possible to 
estimate the amount of nitrate leaching that occurred under the arable areas and SRC strips. 
Higher amounts of leached nitrate occurred at site 1 than site 2, thus concurring 
with similar observations on soil mineral nitrate and soil water nitrate concentrations. 
There was a rapid decline in total leached nitrate leached over the three years, whilst under 
the arable field areas there were large differences between years but no trend of decline. 
The effect of position on the total amount of leached nitrate was significant at site 1 
in the drainage period 1997-98 and 1999-2000 whilst at site 2 the effect was significant in 
all drainage periods. In 1997-98, at site 1 there was a much greater amount of total leached 
nitrate under the SRC strip and dividing strips than in the arable field areas. At site 2 there 
was a significantly lower amount of nitrate leached under arable field C than all other 
positions (Table 5). 
The total amount of leached nitrate under the SRC strip and dividing strips declined 
rapidly in the second year. At site 1, in 1998-99, the effect of position was not significant. 
However, there was a much higher mean amount of nitrate leaching under arable field A. 
At site 2 in the drainage period 1998-99 there was a significantly greater amount of nitrate 
leached under the two arable field areas compared to the SRC strips (Table 5). 
Table S. Total amount of nitrate (kg ha'') leached under the SRC strips and adjacent arable 
field areas calculated from samples of soil water extracted by ceramic cups and calculated 
drainage. Standard error of the difference (SED) at 8 df. 
Year Kg NO3 ha" F Prob SED 
Dividing strip Dividing strip 
Site I Field A A SRC centre B Field B 
1997-1998 62.1 142.6 153.6 184.3 65.2 0.002 23.459 
1998-1999 104.1 61.0 44.3 64.6 54.5 0.256 25.252 
1999-2000 23.6 7.7 4.6 6.1 126.4 0.002 20.998 
Dividing strip Dividing strip 
Site 2 Field C C SRC centre D Field D 
1997-1998 40.1 120.2 113.7 125.3 108.6 <0.001 8.335 
1998-1999 85.2 26.5 28.5 16.9 40.6 0.001 9.931 
1999-2000 25.6 2.3 1.7 3.5 40.0 <0.001 4.935 
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The trend of decreasing total leached nitrate under the SRC strips was observed between 
the second and third year. At site 1, a significantly lower amount of total leached nitrate 
was found under the SRC strips compared to arable field B, whilst at site 2 there was a 
significantly higher amount of leached nitrate in both arable field areas compared to the 
SRC strips and dividing strips (Table 5). 
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7.4 Conclusions 
The differences in soil nitrate content and nitrate leaching that occurred between 
site 1 and 2 are suggested to be largely due to soil differences. The detailed soil survey 
conducted in 1969 (Cope, 1969) showed that site 1 was located in a patch of clay 
(Worcester series) (see Chapter 2, Figure 3), this may have resulted in higher moisture 
levels and thus greater mineralisation of nitrate. 
The high amounts of nitrate that were observed under the SRC strips in the first 
winter after establishment (drainage period 1997-98) are suggested to have occurred 
because of high amounts of nitrate being mineralised under the SRC strips and low crop 
uptake by the SRC. Studies of nitrogen uptake by SRC have shown that between 13-16kg 
N/ha is incorporated into above ground woody biomass whilst amounts of soil mineral 
nitrogen at planting have been found to be 62 - 175kg N/ha depending on soil type 
(Mortenson, Nielsen and Jorgensen, 1998). Similarly studies of the perennial energy crop 
Miscanthus have found high amounts of mineral nitrogen in the soil at the start of drain 
flow on unfertilised plots (Christian and Riche, 1998). In both studies of SRC and 
Miscanthus, the dramatic declines in soil mineral nitrate in the second and third year 
following establishment have been observed. The decline is attributed to high levels of 
nitrate uptake by the crop after the establishment year (Christian and Riche, 1998, 
Mortenson, Nielsen and Jorgensen, 1998). 
Variation between the amounts of soil nitrate found under the arable units relates 
strongly to the previous crop. Arable areas after winter beans (Field A 97-98 and Field B 
98-99) were high in residual nitrate due to the biological nitrogen fixation by these crops. 
The other differences observed between crops may reflect differences in fertiliser uptake 
by different crops (MacDonald et al. 1989). 
Mean nitrate concentrations in ground water under the SRC strips in the second and 
third year were generally lower than 11.3mg 1-1 set out for potable water supplies by the 
European directive. At one site the mean concentration was lower than lmg 1" by the end 
of the third year after planting. Soil water nitrate concentrations under the arable crop areas 
were more erratic showing large differences between years. 
The amounts of nitrate leaching generally followed the pattern that where high 
amounts of soil mineral nitrate were found in the autumn it followed that a high 
concentration and high total loss of nitrate occurred. However, estimating the quantity of 
nitrate lost by comparing soil nitrate content in November with the following March does 
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not accurately quantify nitrate loss, as considerable amounts of nitrate will have been taken 
up by the crop as well as some losses through denitrification (Goulding and Webster, 
1992). 
The estimates of total nitrate loss per hectare indicate that substantial nitrate losses 
(over 100kg nitrate per hectare) can occur under the strips of SRC in the first year after 
planting. The losses decline in the second year after planting, with losses similar to those 
observed under a non-leguminous arable crop, whilst in the third year after planting nitrate 
losses are lower than under arable crop areas. The calculations of estimated nitrate loss 
were based on the estimated quantity of drainage calculated using a simplified model for 
evapotranspiration, treating both arable areas and SRC strips in the same way. It was fully 
recognised that the Penman-Monteith equation used, calculates potential 
evapotranspiration from a cut grass sward as opposed to a stand of SRC or arable crop and 
therefore these values can only be considered as rough estimates. An improvement to the 
study would have been to utilise some crop specific models of evapotranspiration such as 
the model of evaporation from SRC devised by Iritz (1996). 
The SRC was harvested in February 2000 and no sudden peaks in nitrate leaching 
were observed suggesting that the coppiced of the stools does not create a sudden peak in 
nitrate leaching. It is expected that in the following years that low levels of nitrate leaching 
occur under the SRC. Studies that have been conducted over a longer time scale indicate 
that this is most likely (Mortenson, Nielsen and Jorgensen, 1998). 
This study has shown that nitrate leaching in SRC on arable land in the first winter 
after planting is likely to be high. Management to reduce this loss as techniques such as 
cover crops would lead to competition of which willows are intolerant in the establishing 
year. The best method to minimise leaching would be to not apply any nitrate fertiliser use 
in the first year, as advocated in the Short Rotation Coppice Growers' Manual (Danfors, 
Ledin and Rosenquist, 1998) and possibly ensure that maximum off-take of soil nitrogen 
occurred in the arable crop previous to SRC planting. The reductions in nitrate leaching 
compared to the arable crops in the second and third year indicate that SRC plantations or 
strips would reduce the quantity of nitrate loss per hectare. 
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The economics of growing short rotation coppice on arable land and a 
comparison with arable production 
8.1 Introduction 
In the UK agroforestry systems have received little attention from arable farmers 
whilst in other temperate countries these systems are widely used. In past thirty years the 
main factors suggested to account for the poor adoption of agroforestry systems on arable 
fauns are: (i) high and guaranteed prices for arable commodities favouring intensive 
systems with high outputs and (ii) low prices for timber due to low price imported timber. 
However arable farming is undergoing major changes in support systems and in recent 
years (1998-2000) there have been major drops in commodity price and a reduction in area 
support payments. Clearly a drop in the profitability of arable crops will change the 
economic viability of alternative cropping systems such as agroforestry. The agenda 2000 
reforms in the CAP have also seen the promotion and creation of markets for energy crops 
under MAFF schemes. These schemes together with support for `green' renewable energy 
production through the government's Non-Fossil Fuels Obligations (NFFO) may create 
new opportunities for agroforestry systems that incorporate crops such as SRC (Kettle, 
1997). 
The economic analysis of agroforestry systems is far from simple (Newman and 
Gordon, 1997). This is due to the very different methods of costing operations in arable 
farming compared with forestry. When the profitability of arable crops is analysed it is 
usual to calculate a gross margin. The gross margin consists of the economic output of the 
system less the variable costs (sprays, fertilisers and seeds). This analysis does not take 
account of the costs of labour, machinery and general farm overheads this is mainly done 
because fixed costs are difficult to allocate, especially in a mixed farm (Kay, 1986). 
Forestry in contrast is typically analysed using a net margin where variable costs and 
labour and machinery costs are deducted from the economic output. Another difference in 
appraising arable and forestry systems is the timescale over which the system is assessed. 
Forestry systems are much longer term and thus there is a need to account for the time 
value of money. In most economic appraisals of agroforestry systems the Net Present 
Value (NPV) is used (Thomas, Willis and van Slykan, 1992; Newman and Wainwright, 
1989, Heaton, Randerson and Slater, 1999). Assessing the profitability of farming systems 
in the long term, by accounting for social economies and externalities, can be included in 
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economic assessments of agroforestry systems (Keummel et al. 1999). However in the case 
of the SRC and agroforestry systems the effects on externalities have not been fully 
quantified and therefore an analysis of this depth was avoided. 
Economic comparisons between SRC in the uplands and sheep production have 
been made (Heaton, Randerson and Slater, 1999). However there are few comparisons 
between arable cropping and SRC in the UK. 
The proposed agroforestry system developed in this thesis is somewhat different 
from conventional silvoarable systems and therefore the components of the system (the 
SRC and the arable crops) can be assessed individually and then brought together as an 
assessment of the entire system. 
The aim of the study was to assess the economics of SRC compared to incomes 
from solely arable farming based on actual and hypothetical data. The assessment intended 
to give a realistic appraisal of the profitability of both SRC and the combined food and 
energy system that could be used by farmers or policy makers. 
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8.2 Methodology 
8.2.1 Method of analysis 
An economic spreadsheet model was written in Microsoft Excel, comprising cash 
flows for arable cropping and short rotation coppice (SRC). The model represents standard 
cash flows for different silvoarable regimes and allows factors to be varied such as chip 
price and amount of government subsidy. This accounts for the dynamic nature of current 
agricultural economics and allows for meaningful comparisons to be made under different 
scenarios. 
Output from the model is in the form of Net Present Value (NPV) at different 
discount rates (r): 4,6,8 and 10%. Discounted cash flow analysis was chosen to reflect the 
long-term nature of the agroforestry enterprise and the unevenness of the cash flow in 
establishment years. It is a common tool used to study the economics of SRC (Mitchell, 
Robertson and Watters, 1993; Thurhollow, 1994) and to compare agricultural returns with 
single-stem poplar (Thomas, Willis and van Slykan, 1992). 
8.2.2 Economic Assumptions 
It was assumed that the strips of short rotation coppice would only occupy 15-30% 
of the arable crop area The largest percentage of holdings in the UK in 1999 were between 
100-200 hectares (Nix, 2000), therefore 15-30 ha of SRC strips would be planted. This 
percentage was necessary to create a sufficient area to allow contractors to plant and 
harvest the SRC. This area would also be large enough for a farm to run a small-scale 
electricity production unit (Warren, Poulter and Parfitt, 1995). There would be some effect 
of the agroforestry system on farm fixed costs however quantifying these was not included 
in the analysis. It was therefore assumed that fixed costs would remain the same with or 
without the agroforestry system. 
The economic performance of arable cropping systems is typically analysed using a 
gross margin type analysis, which consists of the revenue from crop sales (and subsidy) 
less the variable costs (seeds, agrochemicals and fertilisers). This analysis does not include 
fixed costs (labour, machinery and depreciation) are not attributed to a single crop. 
However agroforestry and forestry enterprises are typically assessed using a net margin 
that consists of the revenue from sales (and subsidy) less the variable costs and costs of 
labour, contactors and machinery. To allow meaningful comparisons between SRC and 
-arable cropping both the arable and SRC were analysed using a net margin analysis. The 
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cost of operations such as spraying, cultivating and harvesting were sourced from Nix 
(1998,1999,2000) using the `farmer values. ' 
The duration of the analysis was 26 years as it is suggested that after this period re- 
planting with newer, high yielding varieties would be economically advantageous. The 
analysis considers a year in which the SRC strips are decommissioned. This would involve 
repeat herbicide sprays followed by cultivating with a heavy-duty implement, after which 
the land can return to arable cropping or be re-planted. In the decommissioning year set- 
aside payments were paid although the eligibility of SRC plantations for set-aside in the 
final year has not yet been clarified by MAFF. 
8.2.3 Management of the SRC 
8.2.3.1 Inputs 
Table 1 shows the standard scenario for inputs and costs of establishing, managing 
and harvesting the strips of SRC. These data are based on the operations and inputs used in 
the field experiment. It was recognised that establishment costs will vary according to soil 
type, machinery available and the cost of cuttings. 
Nitrogen fertiliser was applied in the first year, this was deemed necessary as arable 
soils may frequently be low in fertility (such as those in the field experiment) and thus 
fertiliser (60kg N ha"') was incorporated into the SRC strip management scenario. 
Fencing costs were not included in the costing. In areas of high populations of rabbits, 
hares or deer fencing may be necessary. 
The planting density (15,000 ha I) used was selected as appropriate to the site the 
cuttings should take and grow rapidly in good arable soils. Poorer soils or colder, upland 
situations may require a denser planting. 
Planting material was bought from a commercial supplier. However it is possible 
that future plantings could be made from cutback material. Planting was assumed to be by 
a contractor using a tractor mounted Catkin planter (MacPherson, 1995). 
At the end of the first growing year the one-year-old shoots were cut back using 
manual brush cutters and the cut back material removed. The cost of this operation was 
based on labour costs from Nix (2000) and field observations of fuel use and equipment 
based on manufacturers catalogue prices. 
Herbicides were applied pre-planting, post-planting, post-cutback and post-harvest 
(in two years only). The non-selective herbicide glyphosate was applied at 31hä 
1 prior to 
planting to ensure control of all annual and perennial weeds. The selective residual 
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herbicide simazine was applied as a post-planting residual to control germinating grasses 
and broad-leaved weeds. Following cutback mixture of glufosinate-ammonium (non- 
selective) and pendimethalin (selective - residual) was applied. The glufosinate- 
ammonium was used to give control of annual and perennial weeds present without 
damaging the SRC, whilst the residual pendimethalin was used to control germinating 
seedlings until canopy closure. 
Table 1. Standard scenario inputs for SRC 
Operation Unit cost (£) Rate ha 
Establishment (years 1-2) 
Variable costs: 
Pre-planting herbicide 14 ha l 1 
Post-planting herbicide 42.5 ha l 1 
Post-cutback herbicide 90.5 ha' 1 
Fertiliser 0.29 kg N "' 60 
Cuttings 0.1 cutting-' 15,000 
Machinery costs: 
Cultivation 16.25 ha' 1 
Planting 180 hä' 1 
Spraying 6.60 ha' 3 
Fertilising 8.00 hä' 1 
Cutback 70 ha' I 
Management (years 10 and 19) 
Post-harvest herbicide 40 hä' 2 
Spraying 6.60 ha' 2 
Harvesting (years 4-25) 
Cut and chip 7 odt"' 8 
Delivery 4.25 odt 1 8 
De-commissioning (year 26) 
Herbicide 14hä 12 
Spraying 6.60 ha 12 
Heavy disc 35 ha 11 
The harvesting cycle was three years. Logistics and economic assessments have 
shown that in lowland situations that this is an optimum-harvesting interval (Kofman and 
Spinelli, 1997). Harvesting was by a large tractor unit (320hp) powering an adapted 
Kemper header (Kemper Ltd). The cut stems were chipped directly and blown into a 
trailed, adapted silage trailer. 
'I, 
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Contracted hauliers delivered harvested chips directly to the power plant or 
industry by bulk carrier lorries (ca. 55m3 trailer capacity). 
8.2.3.2 Variables 
1. Actual Yields 
Typically SRC plantations yield between 8-15 odt ha lyr' (Parfitt 1998), however the 
yield in of SRC grown in narrow strips was not known. Studies in other crops would 
suggest that an `edge effect' would result in the SRC strips have higher yields than large 
plantations. However other studies have shown that tree yield in silvoarable systems can be 
reduced due to tree-arable crop competition for water (Burgess et al. 1996). 
The design of the experiment did not include a control block of SRC on a plantation scale, 
thus it was only possible to quantify yield of the SRC strips to assess performance relative 
to typical yields. 
The yield performance of the SRC strips in the field experiment was determined by 
weighing the mass of wet wood chip harvested (using an adapted tractor powered Kemper 
header) on a weighbridge. A sample of material (ca. l kg) was dried (24h at 100°C) for 
moisture content determination and then fresh weight adjusted to 0% moisture (oven dry 
tons [odt]). The yield of each variety is shown in table 2. 
Table 2. Mean dry matter yield (odt hä lyr 1) of wood chip from willow varieties in the 
SRC strips and moisture content. 
Variety Willow Species odt ha'y r' % Moisture content 
Bowles hybrid (west edge of strips) Salix viminalis 10.20 56.02 
Germany Salix burjatica 3.04 51.45 
Tora Salix viminalis x burjatica 10.03 56.37 
Stott 10 Sal ix viminalis x scherwinii 8.70 54.98 
Bowles hybrid (east edge of strips) Sal ix viminalis 9.04 56.10 
Overall mean 8.20 54.98 
The yields were, in general, similar to the expected yields from SRC on arable land. 
The poor yield of the variety Germany was attributed to abnormally high severity of 
willow rust (Melampsora spp. ) in the second year of growth. The susceptibility of 
Germany to this pathogen has resulted in a reduction of its use in SRC plantations. 
It is therefore suggested that the yield of wood chip from the SRC strips is similar 
to what would have been achieved if the SRC were grown as a plantation. 
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2. Theoretical yields 
The yield used in the standard modelled scenario was 10 odt ha lyr 1 which was 
similar to the yield achieved in the SRC strips (Table 2). A range of SRC yields (8-14 odt 
ha lyr 1) were modelled to examine the impact of this variable on profitability. 
The price paid for wood chip is the matter of some debate and is constrained by the 
value of products that the chip can be converted into (electricity and fibre board). 
Estimates of potential chip price range from £24 to £40 odt 1 (MacPherson, 1995 and LRZ 
Ltd, 1993). Scenarios of different chip prices (£30 - £45 odfl) were examined to look at 
the impact of this variable on the profitability of SRC. 
A cutting price of £0.1 per cutting was used in the standard scenario (Parfitt, 2000). 
Lower cutting prices of £0.05 per cutting and £0.02 per cutting were also modelled to look 
at the impact of this variable on profitability. 
In 1998 and 1999 a plantation of SRC of over 0.3ha would receive a £400 haa' 
grant on set-aside through the Woodland Grant Scheme (WGS). The Forestry Authority 
administers the WGS (Nix, 1999). This is paid after the planting has been carried out 
satisfactorily. The 1998 set-aside payment of £306 hä 1 was used in the scenario. 
An energy crop scheme (ECS) scenario was also modelled to take account of this 
new initiative relating to energy crops (MAFF, 2000). The scheme pays an establishment 
grant of £1000 ha 1 to farmers after the establishment of the SRC, subject to approval from 
MAFF. However it was noted that the energy crop scheme, like the woodland planting 
grant scheme has a minimum eligible block size of 0.3ha. 
8.2.4 Arable Cropping 
The five-course rotation, consisting of winter wheat, oilseed rape, winter wheat, 
winter beans, winter wheat and winter oats, used in the field experiment was used in the 
economic analysis. Winter wheat with combinable break crops is the most common crop 
rotation currently adopted by arable farmers in the UK. 
The average yields, types of arable operation and average input costs were taken 
from the crop diary and field yields recorded in the field experiment at Long Ashton. The 
net margins were calculated according to operation costs from Nix (1998). The farmer 
rates were used for all calculations, unless contractor. Variable costs were sourced from a 
variety of agricultural. The net margins obtained are similar to the gross margins quoted by 
Nix (1998) less standard fixed costs (that exclude rent and unpaid labour). 
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The profitability of the arable farming crop rotation was assessed for the three years 
1997-98,1998-99 and 1999-2000. The average commodity price and subsidy was sourced 
for each year. The 1999-2000 year probably reflects the Agenda 2000 reforms, which are 
directing support away from production-led subsides. It is anticipated that similar that 
profitability similar to 1999-2000 year will continue into the future. It is important to note 
that the crop rotations will probably be altered to take account for the reduction in subsidy 
on certain crops such as oilseed rape. 
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8.3 Results and discussion 
S. 3.1 Establishment 
In the standard establishment scenario the establishment costs were £1927.85 had; 
the percentage of the costs attributed to individual activities is shown in figure 1. The 
greatest cost, £1500, was for planting material this could be reduced by farmers making 
cuttings from cutback material although there will clearly be issues regarding Plant 
Breeders Rights. Herbicides also form a large percentage of the total cost. In establishing 
SRC, weed control is a necessity (Sage, 1999) and thus there is little scope for cost 
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Figure 1. Breakdown of S RC establishment costs 
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8.3.2 Comparisons of Profitability -Standard Scenarios 
In the absence of all subsidy SRC depends heavily upon chip price to be profitable 
at low chip prices there is a high risk of loss making. However given that chip prices are 
£40 odf-l a profit can be made, even under high discount rates. Comparing arable framing 
without subsidy to this scenario indicates that under 1998 commodity prices SRC, even 
under high chip prices, was less profitable than arable cropping. However the drop in 
commodity prices that occurred in the next two harvests resulted in SRC (with a chip price 
of greater than £40 odfl) having being more profitable than arable cropping (Table 3). 
The profitability of SRC in the standard production scenario (standard 
establishment and yield of 10 odt ha lyr 1) under different subsidy regimes is shown in 
Table 3. The profitability is strongly affected by different chip prices and discount rates. 
Figure 3 illustrates the linear response of profitability to chip price. In the absence of 
subsidy it is apparent that under low chip prices and high discount rates a loss can be made. 
The various subsidy scenarios indicate how even under low chip prices and high discount 
rates a profit can be made. The establishment grants (Woodland Grant Scheme [WGS] and 
Energy Crop Scheme [ECS] together with set-aside payments provide reasonable levels of 
profitability. This is largely due to the establishment payments offsetting the interest 
accumulating on the costs of establishing the SRC. 
The profitability of SRC under the ECS and set-aside guaranteed for five years 
represents the only scenario that can be currently guaranteed to farmers wishing to grow 
SRC. The profitability of this scenario is less than that of the subsidised arable scenarios 
however the profitability is greater than the unsubsidised arable scenarios suggesting that 
in the event of the arable area payments scheme closing there may be greater profitability 
at chip prices of £35 odfl than arable farming. 
Comparing the profitability of arable cropping in 1998 with the SRC it was found 
that only the scenario of SRC at the highest chip price with full subsidy (ECS and set-aside 
payments) was near to the same profitability as arable cropping (Table 3, Figure 2). In 
1999 and 2000 the lower commodity prices and subsidy for arable farming result in SRC 
with chip prices above £35 odt 1 having greater profitability than arable cropping (Table 3, 
Figure 2). 
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Table 3. NPV (£ha 1) of SRC (standard establishment costs and IOodt ha 1 yield) and arable 
cropping (harvest years 1998-2000) with range of discount rates and subsidy scenarios. 
WGS = Woodland Grant Scheme; ECS = Energy Crop Scheme; AAPS = Arable Area 
Payments Scheme. 
Chip Price 
£ odt 4% 
Discount Rate 
6% 8% 10% 
SRC 
No subsidy £ 30 £448 -£48 -£412 -£684 
£ 35 £1,152 £509 £38 4314 
£ 40 £1,857 £1,067 £489 £56 
£ 45 £2,561 £1,625 £939 £427 
Set-aside at £250/ha £ 30 £4,694 £3,452 £2,540 £1,856 
£ 35 £5,398 £4,010 £2,991 £2,226 
£ 40 £6,102 £4,568 £3,441 £2,597 
£ 45 £6,807 £5,126 £3,892 £2,967 
Set-aside at £250/ha + £400(WGS) £ 30 £5,094 £3,852 £2,940 £2,256 
£ 35 £5,798 £4,410 £3,391 £2,626 
£ 40 £6,502 £4,968 £3,841 £2,997 
£ 45 £7,207 £5,526 £4,292 £3,367 
Set-aside at £250/ha + £1000(ECS) £ 30 £5,694 £4,452 £3,540 £2,856 
£ 35 £6,398 £5,010 £3,991 £3,226 
£ 40 £7,102 £5,568 £4,441 £3,597 
£ 45 £7,807 £6,126 £4,892 £3,967 
Set-aside for 5 years only +£1000(ECS) £ 30 £2,605 £2,068 £1,666 £1,359 
£ 35 £3,310 £3,674 £2,963 £2,425 
£ 40 £4,014 £3,184 £2,567 £2,099 
£ 45 £4,719 £3,741 £3,017 £2,469 
Arable Scenarios 
1998 (with AAPS) £7,583 £6,308 £5,361 £4,643 
1999 (with AAPS) £6,081 £5,053 £4,290 £3,712 
2000 (with AAPS) £5,617 £4,673 £3,972 £3,441 
1998 (without AAPS except Set-aside) £3,005 £2,492 £2,109 £1,818 
1999 (without AAPS except Set-aside) £1,844 £1,521 £1,281 £1,097 
2000 (without AAPS except Set-aside) £1,584 £1,314 £1,111 £958 
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These calculations clearly show that: 
" For SRC to be profitable there is a need for subsidy. 
" Establishment grants of £400 - £1000 increase the profitability of SRC considerably 
" Chip price and discount rate (effected by interest rates) has a strong impact on SRC 
profitability. 
" Under 1999 and 2000 arable commodity prices and area payment subsides it is 
apparent that SRC (with set-aside payments) may be a more profitable option than arable 
cropping. 
" In the event of the Arable Area Payment Scheme closing and 5-year guaranteed set- 
aside being procured on SRC establishment it is likely that the SRC will be more profitable 
than arable cropping under a range of commodity prices. 
Figure 2. NPV £ha 1 of SRC in the standard scenario (with ECS grant) with different chip 
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8.3.3 Factors affecting SRC profitability 
The standard scenario comparisons with and without subsidy suggest that under 
low wood chip prices (less than £30 odf 1) SRC is less profitable than arable cropping. 
Understanding where profits could be increased in SRC by varying input data to the model 
may indicate factors in SRC that are having a major impact on profitability. 
Varying yield has a large affect on the profitability of SRC (Table 3). Comparing 
the NPV of SRC under these scenarios with NPV of non-cropped set-aside it is apparent 
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that chip prices must be greater than £40 odf 1 and yields must exceed 10 odt ha 1 yr I for 
the SRC to be more profitable. 
Table 4. NPV (£hä 1) of SRC with different yields and chip prices (discount rate 6%, 
cutting price £0.1 cutting-'), with subsidy). 
Chip price (£ odf ) 
odt ha 
lyr 30 35 40 45 
8 £4,040 £4,486 £4,932 £5,378 
10 £4,452 £5,010 £5,568 £6,126 
12 £4,865 £5,535 £6,204 £6,873 
14 £5,278 £6,059 £6,840 £7,621 
The breakdown of establishment costs (Figure 1) showed the significant cost of 
planting material. Scenarios of lower costs of cuttings were examined to account for how 
this variable affects overall profitability. 
Table 5 indicates that price of cutting has a large affect on profitability. The 
analysis found that the lowest cutting prices (£0.02 cutting"') and lowest wood chip price 
£30 odf1, the SRC was slightly more profitable than arable cropping in the 1999 scenario 
(Table 5). 
Table 5. NPV (£hä 1) of SRC with different cutting prices (discount rate 6%, yield 10 odt 
ha 1, with subsidy). 
Chip price (£ odf ) 
Cutting Price 30 35 40 45 
0.1 cutting £4,452 £5,010 £5,568 £6,126 
0.05 cutting 
1 £5,202 £5,760 £6,318 £6,876 
0.02 cutting ý1 £5,652 £6,210 £6,768 £7,326 
8.3.4 Proposed Subsidy 
The amount of subsidy necessary to make SRC as profitable as arable cropping is 
calculated by subtracting the profitability of SRC in the absence of any subsidy (Table 6) 
from the current (subsidised) profitability of arable crops. The output (Table 7) suggests 
that in the arable scenarios much more subsidy would be necessary to make growing SRC 
as profitable as arable crops under low chip prices and poor yields. However under high 
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chip prices and yields in excess of 12t/ha the SRC would require less subsidy than arable 
cropping to remain profitable. 
Table 6. Profitability (NPV ha 1) of SRC (standard scenario) and arable farming (standard 
scenario) without any subsidy (6% discount rate) 
Chip price (£ odf ) 
odt hä' 30 35 40 45 
8 -£461 415 £431 £878 
10 448 £509 £1,067 £1,625 
12 £364 £1,034 £1,703 £2,373 
14 £777 £1,558 £2,339 £3,120 
1998 (without AAPS except rotational SAS) £2,492 
1999 (without AAPS except rotational SAS) £2,492 
2000 (without AAPS except rotational SAS) £1,314 
Table 7. Proposed discount subsidy (NPV ha 1) of SRC (standard scenario). Values in bold 
indicate a cheaper level of subsidy than set-aside or arable cropping. 
Chip price (£ odf ) 




8 £6,769 £6,323 £5,877 £5,430 
10 £6,357 £5,799 £5,241 £4,683 
12 £5,944 £5,274 £4,605 £3,935 
14 £5,531 £4,750 £3,969 £3,188 
8 £5,515 £5,068 £4,622 £4,176 
10 £5,102 £4,544 £3,986 £3,428 
12 £4,689 £4,020 £3,350 £2,681 
14 £4,276 £3,495 £2,714 £1,933 
8 £5,134 £4,688 £4,242 £3,796 
10 £4,722 £4,164 £3,606 £3,048 
12 £4,309 £3,639 £2,970 £2,300 







The economic analysis has demonstrated the current profitability of SRC (under a 
range of subsidy regimes) in comparison to profits from arable cropping. The analysis has 
also shown that under 1998 commodity prices and area payments SRC was not a 
financially viable alternative to arable cropping, however the decline in commodity price 
and drop in area payments, coupled with establishment grants for SRC available under the 
new Energy Crop Scheme, has meant that SRC may become a financially viable alternative 
to arable cropping. This however assumes that set-aside payments continue for the duration 
of the plantation (25 years), whereas current guarantees for set-aside are for five years 
only; hence the scenario modelled with only five years of set-aside, even under high chip 
prices, was not as profitable as the subsidised arable scenarios. However if arable cropping 
was to stop receiving area payments it is possible that a farmer growing SRC with 
guaranteed set-aside may achieve greater profitability than arable cropping. A guaranteed 
set-aside payment for 10 years, similar to payments for woodland planted under the Farm 
Woodland Premium Scheme (FWPS), would give potential growers greater assurance that 
diversifying the farm enterprise to SRC would not bring about a decline in profitability. 
The integration of SRC into an agri-environment scheme is another possible method of 
guaranteeing profitability from SRC. The agri-environment schemes, such as the 
Countryside Stewardship Scheme and Environmentally Sensitive Areas Scheme 
compensate farmers on profit for gone basis for managing land to achieve environmental 
objectives such as reverting arable land into pasture to provide ecological benefit. The 
ecological and environmental benefits of SRC strips as identified in this research project 
indicate that compensating farmers on an income-forgone basis for planting SRC strips to 
achieve environmental objectives. 
The study has also identified that the profitability of SRC per se is strongly affected 
by yields, this emphasises the need for the planting of newly bred, high yielding varieties. 
Cutting price is also a large factor, and although breeders and suppliers do not favour low 
cutting price (Carter, 1999), a reduced price can have a large impact on the profitability. 
The study has assumed that the incorporation of SRC into an arable farm would not have a 
strong impact on farm fixed costs. However in reality it is likely that fixed costs may be 
affected by growing SRC. A detailed investigation into the likely impact on farm fixed 
costs should be undertaken as this would have implications on the profitability. 
In summary the study indicates that under the current guaranteed duration for set- 
aside payments means that SRC (even under the new Energy Crop Scheme) could be less 
187 
profitable than arable cropping even under the lower arable commodity prices and arable 
area payments given in 2000. The uncertainty over the profitability of SRC is therefore 
identified as a major obstacle to arable farmers wishing to grow SRC as a plantation or as 
in the combined food and energy system. A mechanism to overcome this risk could be in 
the form of an agreement whereby farmers are compensated for the profit forgone, as in the 
agri-environment schemes. The payments given could be reviewed on a two-year basis to 
ensure that changes in the profitability of arable cropping were considered and therefore 
excessive subsidy payment minimised. Under this regime a farmer would have some 
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Discussion and conclusions of research into the Combined Food and 
Energy System 
9.1 Introduction 
The purpose of this study was to assess the impact of a system of farming in which 
strips of SRC were incorporated into an arable farming systems. The key areas on which 
the impact was assessed were agronomic, environmental and economic. 
The study faced many problems in that assessing the broad range of impacts led to 
restrictions on the quantity of data collected due to shear workload and experimental 
design issues. Despite the problems a large amount of data was collected and each of the 
chapters is intended to form a practical assessment of how the combined food and energy 
system may fit in with agricultural policy and the benefits the system offers to the 
environment and farmer. The study also looks at the concept of systems research and 
identifies both the benefits and disadvantages of a systems approach to agricultural 
research. 
9.2 Agroforestry systems in UK agriculture: history and current options 
In the first chapter the need for agroforestry systems was evaluated on the basis of 
agricultural policies and it was concluded that agroforestry systems as a land use option 
may meet economic and environmental objectives. The chapter continued by considering 
which types of agroforestry system were appropriate and conclusions drawn that 
simultaneous agroforestry systems that utilise SRC as the tree component are likely to 
produce a valuable commodity (a bio-fuel or fibre board) and offer possible agronomic, 
ecological and environmental benefit. 
9.3 Assessing the combined food and energy system: Experimental requirements 
and restrictions 
Research at the systems level has many benefits and disadvantages. The objectives 
of the study necessitated the systems approach but it was recognised that designing a 
robust and reliable field experiment was difficult. 
Despite the constraints an appropriate research framework was devised that was 
intended to answer the most important questions regarding the novel system. An 
experimental design that would allow large quantities of data to be collected was selected. 
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9.4 Yield penalties? 
The third chapter identified the effects of the SRC strips on the growth and yield of 
the adjacent arable crops. This chapter concluded that in the first two years there was no 
consistent effect of the strips on adjacent crop growth, yield or quality whilst in the third 
year there were highly localised decreases in yield were identified. The minimal effect of 
the SRC strips on adjacent crop yield was seen as a positive attribute of the system. 
9.5 Crop protection issues 
Investigations into the effect of the SRC strips on pest, weeds and pathogens in the 
system largely concluded a minimal effect on insect pests, weeds and most crop pathogens. 
These observations helped confirm the suggestion that the localised yield reductions 
observed were due mainly to competition between the SRC and the adjacent arable crop 
for resources such as light, water and nutrients as opposed to the SRC affecting a biotic 
factors such as a disease which then caused yield loss. The only exceptions to this response 
were slugs and the foliar pathogen of winter wheat: Septoria tritici. With regard to slugs 
there was some indication that slug numbers may increase in and adjacent to the SRC 
strips in the first year of system establishment. Lack of cultivation and a significant weed 
understorey were suggested to be the factors favouring slugs. The investigation suggested 
that this effect did not occur in subsequent winters, this was attributed to the rapid decline 
in the density and coverage by weeds under the SRC strips, thus creating an environment 
that was not favourable to slugs. The effect observed on S. tritici was a dramatic reduction 
in the severity of disease in the crop area immediately adjacent to the SRC strips. The 
investigation concluded that the likely cause of the reduction is the interception of rainfall 
by the SRC strips which prevented splash borne movement of inoculum necessary in this 
disease's pathosystem. 
9.6 Agroecology 
Intensive monitoring of the four main groups of beneficial arthropods in 
agroecosystems, revealed that the SRC strips did not dramatically effect the distribution of 
these elements. Whilst other factors such as crop, field and year had a strong impact on 
abundance and diversity in the first year there was an indication that a higher density of 
Araneae within and immediately adjacent to the SRC strips. This was attributed to the 
comparatively, sparsely vegetated strips providing a favourable environment for this group. 
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The only other effect was that a greater diversity of Carabidae was trapped in and adjacent 
to the SRC strips, indicating that the strips may provide an environment suitable for a more 
diverse assemblage of this group of beneficial arthropods. 
Monitoring of other beneficial insect groups such as the Parasitica, Syrphidae and 
Aphididae revealed no consistent effect of the SRC strips on the distribution of these 
insects. 
The investigation into the effect of the agroforestry system on earthworms 
indicated no significant effects of the SRC strips on abundance, biomass or diversity of 
earthworms. Factors such as field and crop type appeared to have a much greater effect. 
In general it appears that there was no major effect of the SRC strips on the invertebrates 
studied. This finding was somewhat disappointing as it was hoped that the SRC strips 
would function in a similar way to conventional beetle banks (usually consisting of 
tussocky grasses). The lack of weeds and understorey in the SRC strips was thought to 
provide an environment that was not conducive to harbouring larger numbers of 
polyphagous predators than the arable areas. However, the investigations were only for the 
first three years and effects on overwintering arthropods were not investigated. It may 
therefore be the case that an approach other than pitfall trapping would be necessary to 
thoroughly investigate the contribution of the strips to agroecology. 
9.7 Nitrate and nitrate leaching 
The SRC strips were speculated to have a wide range of environmental impacts. 
The effect of the strips on nitrate and nitrate leaching was considered to be one of the most 
important effects and the design of the experiment allowed comparison of leaching 
between the SRC and adjacent arable crops to be examined. The investigation revealed that 
in the first year after establishment, comparatively large amounts of soil nitrate are present 
in the soil under the newly established SRC strips. Significant amounts of this soil mineral 
nitrate were then leached over the winter drainage period. This finding indicates that the 
agroforestry system could result in greater amounts of nitrate being leached than land 
under arable production. However the monitoring of soil mineral nitrate and nitrate 
leaching in the second and third winters after establishment indicated that lower amount of 
leaching occur under the SRC strips. These finding had implications for both the 
management of SRC and indicated that the agroforestry system may, in the longer term, 
reduce nitrate lost from arable areas. 
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9.8 Economic constraints 
The penultimate chapter dealt with the economic feasibility of SRC per se. The 
investigation indicated that, despite the decline in the profitability of arable cropping and 
that SRC has been made eligible for a range of grants and subsidies, SRC may be less 
profitable land use option than arable cropping. This was therefore seen as the major 
obstacle to overcome when attempting to convert arable farmers to grow SRC either as a 
plantation or as suggested in the combined food and energy system. The study suggests 
that a more dynamic system of compensating farmers on an income-forgone basis may 
increase adoption of growing SRC. This study also highlighted factors that affect 
profitability such as the price of wood chip, the yield of wood chip and establishment 
costs. 
9.11 Limitations and Further Experimentation 
Experimental design in a study with so many objectives was also a major limitation 
to the study. Consequently the design settled upon did not have full replication and 
confounding factors of crop type (different crops are grown in each unit in each year) made 
interpretation difficult. 
The data indicated that aspect was an important factor in the impact of the SRC 
strips on the adjacent arable crop. This important factor was not considered in the 
experimental design and represents a major oversight in the study. The problem of aspect 
was further complicated by the changes of crop each year, thus making meaningful 
comparisons between crops difficult. 
A suggestion for improving the experiment would be to keep a single crop type for 
the duration of the experiment and have areas of shelterbelt interspersed with areas with no 




Figure 1. Experimental design to investigate the effect of shelterbelts on food crop yield 
and disease. L= leeward, W= windward, S= unsheltered and U= unsheltered. Numbers 
are replicate number. 
This design incorporates large buffer areas between the sheltered and unsheltered 
areas. The crop grown in leeward and windward direction is the same so comparisons can 
be made between these observations. Above all there are 4 replicates of the treatment 
sheltered and unsheltered that are interspersed with one another. This ensures that 
environmental gradients existing prior to the planting of the shelterbelts are not invoked as 
a response. A problem with this design is that it would be less adequate for monitoring 
beneficial insects as the scale of experimental area would not be sufficient (see Chapter 2). 
A further study assessing the impact of the SRC strips being grown on an east-west axis 
could also be examined. 
The experiment assessed the impact of the agroforestry system on pests, disease 
and weeds. However the arable crops were managed with inputs to control these elements, 
consequently some effects may have been masked by the crop protection programme. To 
examine the effect of the SRC strips on these element in the absence of a crop protection 
programme would indicate that there may be scope to reduce inputs in the agroforestry 
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system rather than accepting the finding that the agroforestry system does not require crop 
protection above and beyond the integrated regime that was used. 
The experiment was also limited by the relatively short duration of the 
investigation. Agroforestry systems are widely reported to show impact (both positive and 
negative) over many years (Newman and Gordon, 1997). The three-year monitoring period 
reported in this study has meant that benefits that may occur in the longer time scale were 
not observed. There are also unanswered questions regarding the effect of harvest of the 
SRC on the impact of the agroforestry system. 
9.10 Synopsis 
The study suggests that the `Combined Food and Energy System' in the first three 
years has the potential to offer minor agronomic, ecological and environmental benefits. 
There appears to be very little negative impact of the system. Despite the benefits the 
system appears to not be economically viable when compared to arable cropping and this is 
seen as the major constraint to adoption of the system. Other factors that may impact on 
the appropriateness of the system such as landscape considerations and the logistical 
benefits of the plantation approach to SRC may also restrict the adoption of the system. 
Despite this it is the conclusion of this study that the agronomic and environmental 
implications of the system are minor whilst the economic implications are far-reaching and 
generally unfavourable to the system. 
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APPENDIX 1: Inputs and Operations 


















































Straw bale & remove 
0: 24: 24 @ 288kg/ha 
Roundup @ 31/ha 
Dynadrive 
Spring Barley: Chariot @ 141kg/ha 
21: 8: 11 @ 526kg/ha 
Ally @15g/ha 




Drill Winter Beans: Punch @ 233kg/ha 
Herbicide Carbetamex @ 3kg/ha 
Trace element Librel Mg @ 21/ha + Libsorb @ 50m1/ha 
Fungicide Ronilan @ 0.41/ha + Bravo @ 1.11/ha 
Combine + straw chopper 
Cultivate Dynadrive 
Cultivate Dynadrive 
Drill Winter Wheat: Consort @ 140/kg/ha 
Herbicide Duplosan @ 11/ha + Lexus Class @ 60g/ha 
Fertiliser 34.5: 0: 0@ 173kg/ha 
Fertiliser 34.5: 0: 0@ 206kg/ha 
Herbicide Starane @ 0.51/ha 
Fungicide Opus @ 11/ha 
Trace element Librel Mg @ 21/ha 
Fungicide Tilt @ 0.21/ha + Bravo 500 @ 1.01/ha 
Herbicide Roundup @ 11/ha 
Combine 
Straw bale & remove 
Cultivate Dynadrive 
Drill Winter OSR: Pronto @ 3.45kg/ha 
Molluscicide Hardy Slug Pellets @ 7kg/ha 
Herbicide Fusilade @ 0.21/ha + Partna @ 11/ha 
Herbicide Judo @ 1.75/1/ha 
Herbicide Dow Shield @ 0.51/ha 
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Field Unit B 
1996/1997 
21/08/1996 Fertiliser 0: 24: 24 @ 288kg/ha 
28/08/1996 Cultivate Dynadrive 
13/09/1996 Cultivate Dynadrive 
18/09/1996 Drill Winter Barley: Puffin @ 134kg/ha 
12/12/1996 Herbicide Panther @ 21/ha + Stefes IPU @ 31/ha 
08/02/1997 Trace element Librel Magnesium @ 21/ha 
17/03/1997 Growth Regulator Quintacel @ 2.251/ha 
18/04/1997 Fungicide Genie @ 0.41/ha + Carbendazim & 0.151/ha 
22/04/1997 Fertiliser 21: 8: 11 @ 567kg/ha 
20/05/1997 Fungicide Genie @ 0.41/ha 
19/07/1997 Combine + straw chopper 
1997-1998 
29/07/1997 Cultivate Simba Maxi-mix 
15/08/1997 Herbicide Sting CT @ 1.51/ha 
03/10/1997 Cultivate Dynadrive 
06/10/1997 Drill Winter Oats: Gerald @ 127kg/ha 
25/02/1998 Trace element Librel Mg @ 21 + Libsorb @ 50m1/ha 
19/03/1998 Herbicide Ally @ 30g/ha 
19/03/1998 Trace element Librel Mn @ 1.51/ha 
23/03/1998 Herbicide Starane @ 0.51/ha 
21/04/1998 Fertiliser 34.5: 0: 0 @ 206kg/ha 
15/05/1998 Fungicide Dorin @ 0.51/ha 
03/07/1998 Fungicide Dorin @ 0.51/ha 
04/08/1998 Combine 
08/08/1998 Straw bale & remove 
1998-1999 
17/08/1998 Sub-soil Subtiller 
04/09/1998 Cultivate Dynadrive 
22/09/1998 Herbicide Sting CT @ 1.51/ha 
05/10/1998 Cultivate Dynadrive 
18/11/1998 Cultivate Spring-tine 
21/11/1998 Drill Winter Beans: Clipper @ 232kg/ha 
25/11/1998 Herbicide Kerb Flo @ 21/ha 
21/05/1999 Fungicide Compass @ 21/ha 
09/06/1999 Trace element Librel Mg @ 2.01/ha + Boron @ 3.01/ha 
04/08/1999 Herbicide Roundup @ 21/ha 







Winter wheat: Claire @ 147kg/ha 
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Field Unit C 
1996/1997 
08/04/1997 Cultivate Dynadrive 
09/04/1997 Drill Spring OSR: Spok @ 4.9kg/ha 
12/04/1997 Roll Ring roll 
17/04/1997 Fertiliser 34.5: 0: 0 @ 230kg/ha 
16/05/1997 Herbicide Butisan S@1.51/ha 
06/06/1997 Insecticide Fastac @ 200m1/ha 
04/09/1997 Combine + straw chopper 
1997/1998 
17/09/1997 Cultivate Dynadrive 
26/09/1997 Cultivate Dynadrive 
02/10/1997 Drill Winter wheat: Hereward @ 156kg/ha 
03/10/1997 Roll Ring roll 
12/11/1997 Herbicde Duplosan @ 1.51/ha + Auger @ 21/ha 
18/02/1998 Fertiliser 30: 0: 0: 8(S) @ 135kg/ha 
25/02/1998 Trace elements Librel Mg @ 21/ha + Libsorb @ 50m1/ha 
19/03/1998 Herbicide Ally @ 15g/ha 
23/03/1998 Herbicide Starane @ 0.51/ha 
21/04/1998 Fertiliser 34.5: 0: 0 @ 206kg/ha 
18/05/1998 Fungicide Opus @ 11/ha 
28/05/1998 Fertiliser 34.5: 0: 0 @ 116kg/ha 
01/07/1998 Fungicide Tilt @ 0.21ha + Bravo @ ll. ha 
12/08/1998 Combine 
13/08/1998 Straw bale & remove 
1998/1999 
19/08/1998 Herbicide Roundup @ 21/ha 
04/09/1998 Cultivate Dynadrive 
09/10/1998 Drill Winter Oats: Gerald @ 96kg/ha 
01/12/1998 Herbicide Lexus Class @ 60g/ha 
28/04/1999 Fertiliser 34.5: 0: 0 @ 231kg/ha 
08/06/1999 Fungicide Alto @0.31/ha 
27/07/1999 Combine 
30/07/1999 Straw bale & remove 
1999/2000 
18/08/1999 Cultivate Dynadrive 
20/08/1999 Drill Winter OSR: Pronto @ 3.45kg/ha 
26/08/1999 Molluscicide Hardy Slug Pellets @ 7kg/ha 
14/09/1999 Herbicide Fusilade @ 0.21/ha + Partna @ 11/ha 
29.10/1999 Herbicide Judo @ 1.75/1/ha 
03/11/1999 Herbicide Dow Shield @ 0.51/ha 
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Field Unit D 
1996/1997 
21/08/1996 Fertiliser 0: 24: 24 @ 288kg/ha 
28/08/1996 Cultivate Dyandrive 
13/09/1996 Cultivate Dyandrive 
18/09/1996 Drill Winter Barley: Puffin @ 134kg/ha 
12/12/1996 Herbicide Panther (21/ha) + Stefes IPU @ 31/ha 
08/02/1997 Trace element Librel Magnesium @ 21/ha 
17/03/1997 Growth Regulator Quintacel @ 2.251/ha 
18/04/1997 Fungicide Genie @ 0.41/ha + Carbendazim @ 0.151/ha 
22/04/1997 Fertiliser 21: 8: 11 @ 567kg/ha 
20/05/1997 Fungicide Genie @ 0.41/ha 
19/07/1997 Combine + straw chopper 
1997/1998 
10/02/1998 Herbicide Roundup @ 31/ha 
25/02/1998 Cultivate Dyandrive 
13/03/1998 Cultivate Dyandrive 
23/03/1998 Drill Spring OSR: Liaison @ 4.9kg/ha 
23/03/1998 Roll Ring-roll 
02/04/1998 Fertiliser 34.5: 0: 0 @149kg/ha 
01/05/1998 Fertiliser 34.5: 0: 0 @1 16kg/ha 
13/05/1998 Herbicide Dow shield @ 0.51/ha 
25/05/1998 Insecticide Fastac @ 100m1/ha 
04/06/1998 Trace element Librel Mg @ 21/ha + Libsorb @ 75m1/ha 
25/08/1998 Combine + straw chopper 
1998/1999 
02/09/1998 Herbicide Roundup @ 21/ha 
28/09/1998 Cultivate Dyandrive 
05/10/1998 Cultivate Dyandrive 
09/10/1998 Drill Winter Wheat: Hereward @ 159kg/ha 
20/11/1998 Herbicide Panther @1Uha + Tolkan @ 21/ha 
23/02/1999 Fertiliser 30: 0: 0: 8(S) @ 135kg/ha 
04/05/1999 Fertiliser 34.5: 0: 0 @ 206kg/ha 
19/05/1999 Herbicide Starane @ 0.51/ha 
19/05/1999 Fungicide Opus @ 11/ha 
19/05/1999 Trace Element Librel Mg @ 21/ha 
23/05/1999 Fertiliser 34.5: 0: 0 @ 116kg/ha 
02/08/1999 Combine 
03/08/1999 Straw bale & remove 
1999-2000 
08/09/1999 Cultivate Dynadrive 
05/10/1999 Herbicide Roundup @ 21/ha 






















06/01/2000 Harvest willows 
Dynadrive 
Roundup @ 31/ha 
15 000 cuttings / ha 
15 000 cuttings / ha 
Gesatop @ 31/ha 
Hand 
Hand 
Stomp @ 21/ha + Challenge @ 21/ha 
34.5: 0: 0 @ 174kg/ha 




Ally Metsulfuron-methyl 20% w/w 
Auger Isoproturon 500g/l 
Butisan S Metazachlor 500g/1 
Carbetamex Carbetamide 50% w/w 
Challenge Glufosinate-ammonium 150g/l 
Dow shield Clopyralid 200g/l 
Duplosan Mecoprop-P 600g/1 
Fusilade Fluazifop-P-butyl 250g/l 
Gesatop Simazine 500g/l 
Judo Propyzamide 400g/l 
Kerb Flo Propyzamide 400g/l 
Lexus class Carfentrozone-ethyl + fluprsulfuron-methyl 33.3: 16.7 w/w 
Panther Diflufenican & Isoproturon 50: 500gfl 
Roundup Glyphosate 360g/1 
Starane Fluroxypyr 200g/l 
Stefes IPU Isoproturon 500g/l 
Sting CT Glyphosate 120g/1 
Stomp Pendimethalin 400g/1 
Tolkan Isoproturon 500g/l 
Fungicides 
Alto Cyproconazole 240g/1 
Bravo Chlorothalonil 500g/l 
Calixin Tridemorph 750g/1 
Carbendazim Carbendazim 500g/l 
Compass Iprodine + thiophanate-methyl 167: 167g11 
Dorin Triadimenol + tridemorph 125: 375g/l 
Opus Epoxiconazole 125g/1 
Radar Propiconazole 250g/l 
Ronilan Vinclozolin 500g/l 
Tilt Propiconazole 250g/l 
Insecticides/Moll uscicides 
Fastac Alpha-cypermethrin l00g/l 
Hardy Slug Pellets Metaldehyde 6% w/w 
Growth regulators 
Quintacel Chlormequat + choline chloride 640: 64g11 
Trace Elements 
Boron Boron 
Librel Mg Magnesium 
Librel Mn Manganese 
Adjuvants 
Libsorb Alkyl alcohol athoxylate 
Partna Blend of surfactants and mineral oil 
202 
Cultivations 
Dynadrive and Simba Maxi-mix both non-inversion cultivators 
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